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that: 


Zane  A.  Sandusky,  being  duly  swirn,  deposes  and  says 


(1)  Since  1955  he  has  been  an  engineer  with  Rockwell 
International  Corporation  (hereafter  Rockwell) . Since  prior 
to  1970  he  has  been  associated  with  electronic  controllers  for 
various  types  of  systems,  and  since  1976  he  has  been  involved  in 
the  application  of  microcomputers  as  electronic  controllers. 

(2)  As  part  of  his  job  duties  at  Rockwell  he  has  been 
familiar  with  the  Rockwell  microcomputer  known  as  the  PPS-4 
microcomputer.  The  PPS-4  microcomputer  includes  a micropro- 

memory  chips  and  one  or  more  interface 


cessor  chip,  one  or  more 


chips . He  has  been  involved  in  the  design  and  development  of  PPS-4 
microcomputer  controllers  for  small  machine  systems  since  early  1978. 
Exhibit  A hereto  is  a brochure  dated  1973  describing  the  PPS-4 
microcomputer  and  showing  typical  configurations  of  the  PPS-4 
microcomputer  in  Figures  1-5. 

(3)  He  is  familiar  with  a PPS-4  microcomputer  controller 
module  (hereafter  the  Gottlieb  Controller)  bearing  assembly  number 
PB00-D100.  The  controller  module  includes  the  PPS-4  microcomputer 
and,  for  use  in  pinball  games,  has  control  of  operations  of  the 
lamps,  solenoids  and  displays  in  response  to  action  of  the  pinball 
playfield  switches. 

(4)  He  had  responsibility  for  the  development  of  a Rock- 
well microcomputer  controller  (designated  the  STC  Controller  Module) 
which  was  designed  for,  and  suitable  for,  use  as  a general  purpose 
industrial  controller,  the  particular  application  of  which  was  to 
be  determined  by  the  purchaser.  It  was  intended  to  be  used  for 
such  industrial  control  applications  as  laundry  machine  and  dryer 
control,  pharmaceutical  pill  making,  controlling  canning  or  bottling 
machines,  garment  folders,  traffic  controllers,  printing  equipment 
controllers,  and  for  controlling  banks  of  test  equipment.  Exhibit 
B hereto  is  a Preliminary  Product  Description  for  the  STC  Controller 

Module. 

(5)  The  Rockwell  STC  Controller  Module  was  formally 
announced  by  Rockwell  at  the  Design  Engineering  Show  in  Chicago, 
Illinois  in  April,  1978,  and  other  seminars  on  it  were  given. 


Exhibit  C hereto  is  a copy  of  a brochure  entitled  "STC  Universal 
Controller  Module"  which  was  passed  out  to  interested  potential 
users  at  the  Chicago  show. 

(6)  A prototype  STC  Controller  Module  was  built  under  his 
supervision  at  Rockwell.  While  the  software  was  being  developed 
and  before  any  actual  sale  and  delivery,  the  STC  Controller  pro- 
gram employing  the  PPS-4  microcomputer  was  discontinued  in  favor 
of  an  STC-type  controller  employing  a faster  operating  Rockwell 
6500  microcomputer.  Nonetheless,  the  Rockwell  STC  Controller 
Module  was  suitable  for  use  as  a general  purpose  industrial 
controller. 


(7)  Exhibit  D hereto  is  a copy  of  a photograph  of  a 
Gottlieb  Controller.  As  is'  seen  from  the  cover  page  of  Exhibit 
C,  the  STC  Controller  Module  appears  identical  to  the  Gottlieb 
Controller.  In  fact,  except  for  the  software  programming  stored 
in  memory  and  for  the  need  for  larger  memory,  the  STC  Controller 
Module  was  intended  to  be  identical  to  the  Gottlieb  Controller, 
even  for  industrial  applications  involving  a greater  degree  of 
control  than  needed  for  pinball.  Exhibit  E is  a copy  of  a letter 
which  I wrote  requesting  that  a slight,  non-functional  change  be 

, , . ,irn  Gottlieb  Controller  to  correspond  to 

made  to  the  then  existing  wcuic 

..  , -i  quoted  in  other  words,  the  STC  Con- 
the  STC  Controller  Module.  Stated 

troller  Module  is  a differently  programmed  Gottlieb  Controller. 

(8)  Because  of  the  similarity  of  the  STC  Controller 
Module  and  the  Gottlieb  Controller,  I forwarded  an  actual 
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Gottlieb  Controller  to  another  Rockwell  division  for  evaluation 
as  to  whether  the  STC  Controller  Module  was  suitable  to  be 
included  in  systems  offered  by  that  Rockwell  division.  Exhibit 
F is  a copy  of  a letter  identifying  the  Gottlieb  Controller 
(No.  P/N  PBOO-DlOO)  as  the  STC  Controller. 

Further  affiant  sayeth  not. 


(3L  C\as i 

JTane  A.  Sandusky 


SUBSCRIBED  AND  SWORN  TO 
August,  1979. 

[SEAL] 


before  me  this  day  of 


Orange  County,  California 


OFFICIAL  SEAL 


LINDA  C.  LESCAU1T 

NOTARY  PUBLIC  - CALIFORNIA 
F? •^vln'v  ^bamci:  rnilNTY 


ORANGE  COUNTY 
My  comm,  expires  CCT  7,  1980 
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INTRODUCTION 


Rockwell  Microelectronics  has  developed  a compatible 
set  of  MOS/LSI  circuits  for  use  in  building  micro- 
processors. Processor  is  a general  term  used  to  de- 
scribe the  arithmetic  and  control  section  of  a general 
purpose  computer.  Micro  means  small  and  that  is  just 
what  has  been  developed:  a small  set  of  circuits  which 
can  be  used  to  build  equipment  requiring  digital  data 
processing.  This  includes  calculators,  cash  registers, 
credit  terminals,  electronic  scales,  billing  machines, 
process  controllers  and  general  purpose  data  processors. 
We  term  this  MOS/LSI  circuit  set,  a "Parallel  Proces- 
sing System  (PPS)." 
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PARALLEL  PROCESSING  SYSTEM 


1.  introduction 

Rockwall  Microelectronics  has  developed  2 compatible  set  of  MOS/LSI  circuits 
known  as  the  Parallel  Processing  System  (PPS)  for  use  in  implementing  a 
broad  class  of  data  processing  products  such  as  calculators,  credit  ter- 
minals, electronic  cash  registers,  electronic  weighing  scales,  billing 
machines,  and  process  controllers. 

The  implementation  of  such  a broad  class  of  digital  equipment  is  possible 
because  of  a one  chip  central  processing  unit  (CPU)  which  receives  and  decodes 
an  eight-bit  instruction  word  to  perform  all  required  arithmetic  and  logic 
operations.  The  large  number  of  instruction  words  to  which  the  CPU  responds 
gives  it  the  capability  of  a l*-bit  parallel  minicomputer.  These  instruction 
words  (referred  to  as  microprograms)  are  stored  in  ROMs  for  rapid  accessing 
while  RAMs  are  used  to  provide  register  files  and  storage  for  working  data. 

An  input/output  buffer  and  multiphase  clock  generator  complete  the  basic  cir- 
cuits required  to  configure  a total  system.  Figure  1 illustrates  a typical 
organization  while  Table  I lists  the  circuits  currently  available  in  the  PPS 
family. 
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DISCRETE  DISCRETE 
INPUTS  OUTPUTS 


UP  TO  16  ROM  [ [ J UP  TO  32  RAMS 

(16  K x 81  1 ! ! (8 K x 4) 


Figure  1.  Basic  Svstem  Configuration 


I 


Table  I 


Part  Number 

Name 

Description 

10660 

CPU 

4-Bit  Parallel  Central  Process  Unit 

10432 

RAM 

256  X 4 Random  Access  Memory 

A05 . . . 

ROM 

1024  X 8 Read  Only  Memory 

A08. . . 

ROM/ RAM 

Combination  704  X 8 ROM  and  76  X 4 RAM 

10696 

1/0 

Input/Output  Buffer 

10706 

Clock 

Multiphase  Clock  Generator 

This  set  of  circuits  has  been  designed  from  scratch  as  a compatible  group  and 
each  has  been  configured  to  maximize  circuit  density,  processing  speed,  and  low 
power  consumption.  The  CPU  with  its  12-bit  parallel  address  bus  directly 
addresses  up  to  4K  of  8-bit  ROM  words  and  4K  of  4-bit  RAM  data  words.  The  ROM 
outputs  instruction  words  to  the  CPU  in  the  form  of  8-bit  parallel  information. 
The  RAM  can  transmit  and  receive  4 bits  of  data  in  parallel  during  one  cycle 
time.  It  is  this  parallel  organization,  along  with  a sophisticated  time  shar- 
ing technique,  which  results  in  unusually  high  data  rate  from  a seemingly  slow 
clock  system.  Some  of  the  significant  features  of  the  system  are  listed  in 
Table  II. 

Table  II 


PPS  CHARACTERISTICS 

Power  Supply 

-17  Volts 

Clock  Frequency  (Typical) 

200  kHz 

Cycle  Time  (1  bit  time) 

5 ps 

Instruction  Fetch  and  Execution  Time 

5 ps 

Add  two  4-bit  BCD  numbers 

30  ps 

ROM  Storage  (8-bit  words)  Capacity 

16,384 

KAM  Storage  (4-bit  words)  Capacity 

8,192 

Basic  Instructions 

50 

, Under 

Word  Length 

Program  Control 

I/O  Circuits  Individually  Addressed 

Low  Power  4-Phase  Dynamic  Logic  Design 

42-Pin  Plastic  Package 

16 

The  minimum  PPS  configuration  possible  is  a 2-circuit  implementation  consisting 
of  one  CPU  and  one  ROM/RAM  as  illustrated  in  Figure  2.  (The  clock  chip  is  a 
low  cost  oscillator-driver  circuit  and  is  assumed  with  any  given  configuration.) 
This  minimum  organization  is  useful  as  a special  purpose  dedicated  calculator 
or  processor.  It  can  receive  4-bit  BCD  data  through  four  of  the  8 discrete 
inputs  and  transmit  4-bit  BCD  data  out  through  the  four  discrete  outputs.  The 
user  can  configure  any  combination  of  ROM,  RAM  and  I/O  circuits  as  may  be 

» required  for  a particular  equipment  implementation  and  can  therefore  trade  off 
memory  circuits  to  achieve  the  most  cost-effective  approach. 

Several  other  examples  are  presented  to  convey  various  possible  approaches. 

For  instance,  two  of  the  A08  ROM/RAM  circuits  will  provide  1408  words  of  ROM 
and  152  words  of  RAM  while  one  A05  ROM  and  one  10432  RAM  will  provide  1024 
words  of  ROM  with  256  words  of  RAM.  It  can  be  seen  that  two  A05  ROM  with  one 
10432  RAM  will  provide  more  capability  than  three  A08  ROM/RAM  circuits.  Any 
mix  of  memory  circuits  is  allowed. 

The  I/O  circuit  is  a general  purpose  time/impedance  buffer  between  the  MOS 
instruction/data  bus  and  TTL  logic  signals.  The  CPU  has  an  input/output 
instruction  which  will  enable  the  transfer  of  data  from  one  of  three  4-bit 
input  buffers  in  the  I/O  circuit  to  the  accumulator  in  the  CPU.  Conversely, 
the  I/O  instruction  can  also  accomplish  transfer  of  data  from  the  accumula- 
tor in  the  CPU  to  one  of  three  4-bit  output  registers  in  the  I/O.  Each 
I/O  can  be  programmed  with  a unique  4-bit  address  allowing  up  to  16  separate 
I/O  circuits  to  be  attached  to  the  instruction/data  bus. 

The  clock  circuit  is  designed  to  be  operated  with  a 3.58  MHz  low  cost  color  TV 
crystal.  Simply  attaching  this  crystal  to  the  proper  pins  and  applying  17  volt 
power  is  all  that  is  required  to  generate  the  proper  output  frequency,  timing, 
and  voltage  signals  required  for  any  of  the  logic  or  memory  circuits  within  the 
PPS.  The  clock  circuit  counts  down  this  crystal  frequency  to  provide  a 200 
kHz  frequency  output  for  clock  output.  This  is  the  recommended  mode  of  opera- 
tion of  the  PPS  and  results  in  a 5 ps  bit  time  or  instruction  execution  time 
or  cycle  time.  The  addition  of  two  4-bit  BCD  numbers  can  be  accomplished  with 
6 instructions  and  therefore  will  be  completed  in  30  ps. 
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Figure  2.  Minimum  PPS  Organization 


2.  EXAMPLES  OF  APPLICATIONS 


Display  Calculator  Example  — A typical  basic  calculator  organization  is  shown 
in  Figure  3.  This  mechanization  provides  704  words  of  microprogramming  and  76 
words  of  memory  storage  for  working  registers,  display  and  memory  registers. 
The  I/O  circuit  provides  12  outputs  and  12  inputs  for  strobing  and  encoding 
keyboards,  driving  segmented  displays  and  sensing  discrete  switch  settings. 

The  CPU  has  8 discrete  inputs  and  4 discrete  outputs  which  interface  directly 
with  the  accumulator,  bringing  the  total  number  of  interface  pins  to  20  inputs 
and  16  outputs.  The  unique  characteristics  of  the  PPS  organization  allow  the 
user  to  emulate  a ROM  program  before  committing  the  microprogram  to  a MOS  ROM, 
thereby  guaranteeing  product  operation  and  performance  prior  to  a volume  pro- 
curement. In  addition,  the  ability  to  readily  add  ROM,  RAM  and  I/O  circuits 
provides  complete  upward  compatibility  from  the  smallest  product  configuration 
shown  in  Figure  2 to  one  requiring  a large  amount  of  memory  and  interface.  All 
internal  signal  levels  between  circuits  in  the  PPS  are  MOS  compatible  impedance 
and  voltages  while  all  external  data  lines  on  the  I/O  are  TTL  compatible.  A 
single  crystal  and  + 5v , - 12v  power  supplies  are  all  that  is  required  to  have 
a complete  operating  system. 

The  microprogram,  for  this  type  of  product,  is  typically  written  such  that  the 
keyboard  is  periodically  scanned  in  a predetermined  sequence.  The  closure  of 
a keyboard  switch  is  a signal  to  the  processor  to  carry  out  some  operation  or 
subroutine  sequence  as  a function  of  the  key  which  is  depressed.  This  sequence 
of  instructions  is  completely  determined  by  the  microprogram  stored  in  the  ROM. 


KEYBOARD 

8 4 OISPLAY 


Figure  3.  Display  Calculator  Organization 


Printer-Display_ Calculator  — The  ability  of  the  PPS  to  handle  a calculator 
with  printer  and  display  features  is  depicted  by  Figure  4.  In  this  case,  the 
control  and  formatting  of  data  to  be  received  by  the  printer  has  not  only 
required  an  additional  I/O  circuit  but  also  more  ROM.  Thus,  the  addition  of 
the  AO 5 ROM  with  the  A08  ROM/RAM  provides  a total  of  1728  words  of  ROM  and  76 
words  of  RAM.  Typically,  the  second  I/O  is  often  required  to  provide  suffi- 
cient interface  for  both  a display  and  printer.  These  examples  are  primarily 
intended  to  show  how  a mix  of  the  various  available  circuits  can  be  used  to 
achieve  totally  different  products  and  not  to  imply  that  a printing  calculator 
will  require  exactly  those  circuits  illustrated.  Obviously,  the  actual  cir- 
cuits required  for  a given  application  are  determined  only  after  a complete 
functional  and  operational  specification  has  been  established.  The  amount  of 
microprogram  required,  for  instance,  is  much  less  for  a simple  four  function 
type  of  machine  than  would  be  required  for  a calculator  designed  to  provide 
trigometric  and  logrithmetic  features.  The  basic  circuits  would  not  change, 
however,  just  the  amount  of  microprogram  storage.  This  can  be  carried  on  into 
a fully  programmable  machine  which  would  interface  to  a magnetic  card  input  or 
cassette  tape.  It  may  be,  where  the  volume  of  products  justifies  the  cost,  a 
custom  designed  I/O  circuit  can  be  designed  to  directly  interface  with  the 
peripheral  devices.  Custom  designed  I/O  circuits  can  usually  provide  all  for- 
matting, buffering,  and  timing  required  of  peripheral  devices  such  as  printers, 
cassettes,  and  displays;  except  for  current  and  voltage  amplification;  thus, 
greatly  reducing  the  total  component  count  required  in  a given  design. 
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Figure  4.  Printer  - Display  Calculator 


Credit  Authorization  Terminal  The  implementation  of  a complete  credit 
iuthorization  terminal  is  illustrated  in  Figure  5.  A credit  authorization 
:errainals  main  function  is  to:  a)  collect  data  such  as  credit  card,  store 
lumber,  terminal  number,  and  amount  of  sale;  b)  transmit  this  data  to  a central 
jrocessor  either  on-line  or  via  a modem  interface;  and  c)  display  resulting 
:ommands  received  from  the  central  processor  such  as  f0K’,  'HOLD',  authoriza- 
;ion  number  or  such  other  instructions  as  may  be  programmed  into  the  processor. 
Thus,  it  performs  no  arithmetic  functions,  just  data  transfer  characteristics 
md  therefore  the  amount  of  ROM  and  RAM  is  usually  minimal.  Figure  4 illus- 
:rates  one  way  of  expanding  the  actual  number  of  keyboard  and  display  strobe 
►ines  by  using  a TTL  1 of  16  decoder  circuit.  The  16  strobe  lines  can  be  used 
:o  form  a matrix  sampling  feature  with  the  four  keyboard  return  lines  such  that 
ip  to  64  keys  or  switches  can  be  sampled.  These  same  16  strobe  lines  can  be 
lsed  in  conjunction  with  the  7 segment  lines  to  multiplex  16  digits  of  display, 
he  second  I/O  provides  interface  with  a low  speed  modem  for  telephone  line 
‘.ommunicat ion  to  a central  computer.  The  modem  circuit  is  not  part  of  the  PPS 
>ut  can  be  designed  by  NRMEC  in  MOS  to  fit  individual  customer  requirements. 
i simple  custom  MOS  circuit  would  incorporate  features  suitable  for  directly 
nterf acing  between  the  PPS  data  lines  and  a telephone  circuit;  thereby  reduc- 
.ng  the  total  number  of  components  required  for  the  system. 


Figure  5.  Credit  Authorization  Terminal 


Summary^  . f^l^pn!0118  discussed  are  an  indication  of  the  flexibility  and 

e*paa  ^ \ JL?  e * T^ie  ran8e  of  applications  is  limited  primarily  by 
the  data  handling  rate. 


The  circuits  (except  for  the  clock)  are  packaged  in  42-pin  flat  packs,  provid- 
ing maximum  data  interfacing  capability. 


The  unique  design  of  the  CPU  with  its  parallel  data  and  address  bus  structures 
offers  very  high  data  handling  and  instruction  execution  rates.  The  8-bit 
wide  instruction  format  provides  256  unique  instructions  which  can  be  created 
from  the  basic  set  of  instructions.  These  instructions  have  all  the  logic, 
arithmetic  and  exchange  routines  normally  found  only  in  large  general  purpose 
computers. 


The  ability  to  address  directly  up  to  4K  of  ROM  and  4K  of  RAM  provides  full 
upward  compatibility.  That  is,  simple  equipments  may  require  only  a few 
memory  circuits  while  fully  programmable  machines  may  require  the  full  comple- 
ment of  circuits.  This  range  of  machines  can  be  designed  by  simply  expanding 
on  a fundamental  set  of  routines  and  algorithms. 


This  upward  compatibility  means  the  user  can  always  utilize  the  same  CPU,  with 
its  versatile  instruction  set,  to  interface  with  a wide  range  of  peripheral 
devices  including  keyboards,  switches,  displays,  digital  printers,  card 
readers,  wand  readers,  cassettes,  modems  and  backroom  computers.  Each  model 
of  machine  need  only  have  as  much  memory  and  interface  capability  as  required. 


Once  the  standard  and/or  custom  I/O  circuits  are  defined  the  microprogram  con- 
tents of  the  ROM  are  the  only  variable.  Thus,  the  user  does  not  have  to 
continuously  specify  and  receive  unique  custom  circuits  for  each  product  and 
model  configured. 


The  small  number  of  different  circuit  types  (CPU,  ROM,  RAM,  I/Os)  means  the 
user  can  optimize  incoming  receiving  and  inspection  such  that  board  level 
assembly  and  test  can  be  achieved  with  minimum  effort. 


Rockwell  has  a library  of  algorithms  which  can  be  drawn  upon  to  minimize 
amount  of  ROM  required  for  particular  operations.  In  addition,  a given 
configuration  can  be  completely  simulated  with  computer  programs.  The 
microprograms  are  always  first  simulated  in  a computer.  Then  the  same 
programs  are  used  in  a ROM  emulator  to  demonstrate  real  time  operation  of 
the  designs. 


3.  BASIC  SYSTEM  OPERATION 


The  PPS  has  a repertoire  of  fiftv  hac-in  _ • ml_ 

. *i  ^ • ir  , ty  Dasic  instructions.  These  instructions 

control  the  operation  of  the  PPS  anri  1 , ^ , 

e rri>  and  are  the  key  to  the  versatility  of  the 
systems.  J J 


During  each  bit  time,  the  CPU  will  address  the  ROM,  read  and  decode  the 
instruction,  execute  the  instruction,  increment  the  ROM  program  counter,  and 
°a  ^ e program  counter  in  preparation  for  the  next  instruction.  This 
bit  time  or  single  cycle  instruction  fetch  and  execution  time  is  5 ps.  The 
proprietary  architecture  and  multiphase  clock  timing  techniques  of  the  PPS 
result  m this  unusually  high  data  handling  rate  from  a relatively  slow  exter- 
nal clocking  system. 


System  Timing  — The  PPS  circuits  are  controlled  from  a crystal  controlled 
clock  generator  which  provides  two  synchronized  and  phased  clock  signals. 

These  signals,  designated  as  A and  B,  are  received  by  the  CPU  and  logically 
divided  into  four  phases,  such  that  the  internal  signals  are  being  manipulated 
at  four  times  the  frequency  of  the  A clock.  For  example,  if  the  A clock  is 
200  kHz,  logic  signal  flow  within  the  CPU  is  occurring  at  800  kHz. 

The  PPS  parallel  bus  transfer  lines  are  synchronized  by  the  A and  B clock 
signals  such  that  data  transfer  occurs  only  during  02  and  01*  time  as  depicted 
in  Figure  6.  During  the  alternate  phase  times,  0i  and  0^,  the  address 
and  data  bus  lines  are  automatically  cleared  to  zero.  This  unique  interface 
timing  enables  the  system  to  drive  high  capacitive  loads  normally  associated 
only  with  larger  and  more  complex  systems.  In  fact,  systems  with  up  to  30  PPS 
devices  can  reliably  share  the  PPS  bus  without  the  need  for  additional  buffer- 
ing or  drive  circuitry. 


Logic  Levels  — A negative  loeio  . 

r logic  one  (1)  is  defined  as  the  1S.USed  ln  the  PPS  system'  That  js’ 

is  defined  as  the  most  positive  voltaL^  ^ voltage’  while  a zero  (0; 

-wer  supply  where  Vnn  = -17  vnltc  Q f * For  exarnP!e  > assuming  a - 17  volt 
, - olts  and  Vqq  = n vnlt.R!  « 1 nm' n ic 


than 


power  supply  where  VDD  = -17  VoltQ  n?fv  F°r  exaj71Ple>  assuming  a - 17  vo; 

more  positive  than  - 1.9  volts  vhil! * ^SS  = ° volts;  a lo£ic  0 is  define 
-7.5  volts.  hile  a logic  1 is  defined  as  more  negative 

Multiplex  System  Data  Tranc-fw  T_  .... 

there  are  21  multiplexed  lines  inter/ ^ dltl0n  to  the  power  and  clock  sienals 
circuits.  These  lL,  » l lnterconnectmg  the  CPU  with  ROM,  RAM  and  I/O 

> s s own  in  Fig  1,  are  functionally  grouped  as  fellows: 


12  parallel  address  lines 
8 parallel  data  lines 
1 write  command  and  I/O  enable  line. 


The  twelve  address  lines  originate  at  the  CPU  and  are  time  multiplexed  within 
the  CPU  to  provide  direct  addressing  capability  for  up  to  4096  locations  on 
both  the  ROM  and  RAM.  In  addition  to  the  twelve  direct  address  lines,  the  A05 
ROM  circuit  has  two  chip  select  inputs  and  the  10432  RAM  circuit  has  one  chip 
select  input.  These  chip  select  lines  may  be  directly  controlled  by  discrete 
outputs  from  CPU  or  I/O  circuits  for  memory  expansion  without  the  need  for 
auxiliary  circuitry.  Memory  expansion  is  more  fully  explained  in  the  descrip- 
tion of  the  ROM  and  RAM. 


Like  the  address  lines  the  eight  data  bus  lines  are  time-shared  lines  from  the 
CPU.  During  0 a logical  "one”  on  the  write/I-0  line  interpreted  by  the  RAMs 
as  a write  enable  command  and  data  on  the  bus  will  be  written  in  to  RAM.  The 
RAM  is  a non-destructive  read-out  device  and,  therefore,  is  always  programmed 
to  read;  however,  it  must  be  instructed  to  "write".  Because  the  8 data  lines 
are  functioning  as  a dual  4-bit  bidirection  data  bus  during  0^  , it  is  possible 
for  RAM  to  read  4 bits  from  the  designated  address  out  to  the^data  bus  and, 
during  the  same  cycle  time,  write  4 bits  from  the  data  bus  into  the  designated 
RAM  address  location. 

The  same  line  providing  the  write  command  to  RAM  during  02  time  serves  as  an 
I/O  enable  signal  during  0^  time  of  the  input/output  instruction  (I0L) . If 
the  I/O  enable  is  on  (logical  1)  at  0^  the  RAM  will  be  disabled  during  the  next 
02  time,  and  the  data  bus  will  be  used  to  transfer  information  between  accumu- 
lator in  the  CPU  and  I/O  circuits. 

The  input/output  instruction  (I0L)  is  a special  application  of  the  bus  timing 
and  requires  two  clock  cycles  and  two  successive  ROM  memory  locations.  During 
the  first  clock  cycle  the  "I0L"  instruction  is  received  from  ROM  and  decoded 
in  the  CPU.  During  the  second  clock  cycle  the  I/O  enable  line  will  alert  all 
the  I/O  circuits  and  at  the  same  time  an  I/O  address  and  command  is  transmitted 
from  ROM  turning  on  the  selected  I/O  circuit.  Data  transfer  between  the  se- 
lected I/O  circuit  and  accumulator  in  the  CPU  will  occur  during  0p  of  the 
second  clock  cycle.  The  section  on  the  I/O  details  instructions  to  the  I/O's. 
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4 CIRCUIT  DESCRIPTIONS 


*•  106b°  CPU  - The  10660  Central  Process  Unit  (CPU)  is  a 4-bit  parallel 
processor  implemented  with  four  phase  dynamic  logic  for  operation  from  a sin- 
s'6 l vo  t power  supp  y.  The  CPU,  through  a unique  time  sharing  system,  uti- 
lizes an  B-bit  parallel  data  bus  to  transfer  8-bit  word  instructions  from  ROM 
to  CPU  and  also  as  a dual  bidirectional  4-bit  parallel  data  bus  to  transfer 
data  between  the  CPU  and  RAMs  and  I/Os. 


The  CPU  contains:  (a)  logic  necessary  to  receive  and  decode  50  basic  instruc- 
tions; (b)  4-bit  parallel  adder-accumulator  for  arithmetic  and  logic  operations 
(c)  12-bit  counter  for  creating  and  storing  addresses  for  RAM;  (d)  12-bit 
counter  and  two  12-bit  save  registers  for  creating  and  storing  addresses  for 
ROM;  (e)  8 discrete  input  synchronizers;  (f)  4 discrete  output  static  drivers; 
(g)  two  individual  control  flip-flops  and  (h)  multiplexed  receivers  and  drivers 
for  interfacing  with  the  12-bit  parallel  address  bus  and  the  8-bit  parallel 
data/instruction  bus.  A block  diagram  of  the  CPU  is  shown  in  Figure  7. 

Micro  Instruction  Decode  — The  decode  portion  of  the  chip  contains  logic 
to  decode  the  instructions  and  provide  signals  to  control  data  transfers, 
arithmetic  operations  and  logical  sequences.  Instructions  are  coded  in  one 
byte  (8  bits)  and  grouped  as  arithmetic,  logical,  data  transfer,  control  trans- 
fer, input/output  and  special  instructions.  Transfer  and  Mark,  Transfer  Long, 
Load  Base  Long,  Load  Base  and  Input/Output  are  considered  long  instructions 
since  they  require  two  bytes.  All  instructions  are  executed  in  one  cycle  time 
of  the  "A"  clock  except  long  and  indirect  instructions  and  the  I/O  instruction 
which  are  executed  in  two  cycle  times.  A detail  listing  of  instructions  to 
which  the  CPU  will  respond  is  contained  in  Table  III. 

(b)  Adder- Accumulator  — The  adder  is  a 4-bit  parallel  binary  adder  and  carry 
flip-flop  interconnected  with  the  accumulator  A.  One  instruction  (AD)  will 
accomplish  the  addition  of  the  accumulator  with  the  contents  of  a designated 
memory  location.  The  EX  instruction  performs  the  exchange  of  4-bits  of  data 
between  the  accumulator  and  a designated  location  in  RAM  during  one  cycle  time. 
The  control  logic  within  the  CPU  is  such  that  arithmetic  or  logical  instruc- 
tions are  carried  out  in  one  cycle  time.  The  addition  of  two  decimal  digits 
can  be  carried  out  with  six  instructions  or  6 cycle  times;  thus,  assuming  a 
5 ps  cycle  time  (200  kHz  clock),  the  time  to  add  two  decimal  digits  is  30  ps. 

The  subtraction  of  two  decimal  digits  can  also  be  accomplished  within  six 
instructions  and,  thus,  within  6 cycle  times  or  30  ps. 

(c)  RAM  address  Register  — The  12-bit  B register,  consisting  of  three  4-bit 
registers  (BU,  BM  and  BL) , contains  the  next  address  location  to  be  accessed 
in  RAM.  Register  BL  can  be  incremented  or  incremented  by  1 through  program 
control  providing  the  ability  to  sequence  tnrough  RAM  registers  serially  by 
4-bit  character.  The  upper  8 bits  (BU  and  BM)  of  RAM  address  can  be  set  to 
special  values  by  program  control  during  a transfer  operation  of  data  to  or 
from  a distant  RAM  location  into  the  working  storage  area  indicated  by  the 
4-bits  of  BL.  During  RAM  address  modification  operations  it  is  also  possible 
to  use  accumulator  A and  register  X for  temporary  storage  of  the  upper  8 bits 
of  the  new  address  retrieval  from  RAM  without  destroying  the  current  RAM 
address  pointer. 

I U)  Program  Counter  and  Save  Register  — The  P counter  contains  the  address 
1 of  the  next  microinstruction  and  is  automatically  decremented  each  cycle  time 
, during  normal  operation.  The  SA  and  SB  registers  are  two  ’'Save"  registers 
\ which  provide  a two  level  stack  for  holding  instruction  addresses  during 
i Ranching.  This  gives  a direct  two  level  nesting  capability  for  storing  pro- 


gram  SUD routine  addresses  in  hardware;  however,  unlimited  nesting  is  availabl 
via  tie  *-  in*  auction.  Tnis  instruction  recirculates  register  SA  and  accum 
-3tUr  n a'm 0 *\erG  °j6r  Provides  for  saving  ROM  microprogram  addresses  in  RAM 

^ince  ^ i • Ca?  U?6  , °r  stor*nS  microprogram  addresses,  subroutine  nesting 
becomes  lmi  e on  y y the  amount  of  dedicated  storage  allocated  for  this 
purpose . 


(e)  .Co?-^-r°i  FF  and  Discrete  I/O  — There  are  two  control  flip-flops,  FF1  and 

FF2,  which  can  be  set,  reset  and  tested  by  program  control.  There  are,  also, 

8 discrete  inputs  which  can  be  copied  directly  into  the  accumulator  as  two 
separate  4-bit  groups.  These  groups  are  identified  as  discrete  inputs  group  A 
(DIA)  and  discrete  inputs  group  B (DIB).  These  inputs  are  intended  to  be  used 
for  in^uting  special  signals,  switch  positions  or  flags  from  circuitry  exter- 
nal to  the  PPS.  The  contents  of  the  accumulator  can  be  outputted  directly  to 
circuits  external  to  the  PPS  via  a special  4-bit  parallel  output  register  (DOA^ 
with  individual  output  drivers. 

-?QWer  on  Reset  During  power  turn-on  it  is  necessary  to  initialize  the 
CPU  to  a known  state  such  that  the  proper  sequence  of  events  can  occur.  This 
initialization  is  accomplished  by  input  of  a Power-on  signal  which  is  generated 
externa]  to  the  PPS.  The  CPU  receives  this  signal,  initializes  the  internal 
logic  states  and,  at  the  same  time,  generates  a synchronized  Power-on  output 
ignal  which  can  be  used  to  initialize  other  circuits  within  the  PPS. 
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Instruction  List 


--Table  IV  provides  a listing  of  the  50  inslruc  turns 


which  can  be  used  to  control  generation  of  ROM  and  RAM  address  as  well  a 
manipulation  and  transfer  of  data  between  the  CPU  and  RAM  and  I/O 
Definitions  of  symbology  used  in  the  instruction  list  are  also  provided  such 
that  a programmer  can  easily  understand  the  instruction  list  and  begin  to 
visualize  how  the  PPS  may  be  used  for  a given  application 


Symbol 

A 

A/Bn 

B 

C 

FF1 

FF2 

I 

I/Dn 

II 
12 
M 
m 
n 
P 

R(n) 

R (m:n) 
S 

SA 

SB 

W/IO 

X 

Digit 

Byte 

Page 


V 

-V- 

A 

+ 


Table  III 

INSTRUCTION  NOMENCLATURE 

Accumulator  Register,  A ( 4 : 1 ) 

Line  n of  Address  Bus 

RAM  Address  Register,  B ( I 2 : 1 ) 

Carry  Link  Flip-Flop 
General  Flip-Flop  Number  1 
General  Flip-Flop  Number  2 
Instruction  1(8:1  ) 

Line  n of  Instruc tion/Data  Bus 
First  byte  of  a long  instruction  11(8:1) 

Second  byte  of  a long  instruction  12(8;  1 ) 

RAM  Memory  Location  c ontents  Designated  by  Register  B 
General  Numeric  Designator,  m - 1 , 2,  3,  ... 

General  Numeric  Designator,  n = 1 , 2,  3,  ... 

Program  Counter  Register,  P ( 1 2 : 1 ) 

Bit  n of  General  Register  R 

Bits  m thru  n of  General  Register  R inclusive  e.g.  R(12:7; 
Save  or  Stack  Register(s) 

Upper  Stack  of  Save  Registers  SA(  12:1) 

Lower  Stack  of  Sav  e Register  S B(  1 2: 1 ) 

Write  Command  and  I/O  Enable  Line 
Secondary  Accumulator  Register  X(4:l) 

Four  Bit  Field 
E lght  Bit  F ield 
ROM  Block  64  Bytes  (* ) 

Replaces 

Exchange  _ 

1 ' s Complement  (e.g.,  A is  l's  complement  of  A) 

Logical  Inclusive  Or 
Logical  Exclusive  Or 
Logical  and 
Algebraic  Add 
Algebraic  Subtract 


A page  is  defined  in  the  PPS  as  64  ROM  address  locations,  The  page  number 
is  specified  by  the  six  (6)  most  significant  bits  of  the  1 2 -bit  P register.  The 
locations  within  a page  are  defined  by  the  six  (6)  least  significant  bits. 


arithmetic  instructions 


Mnemonics 

I/D  Bus 

OP  Code 
Hex  &.  Binary 

Name 

Description 

Symbolic 

Equation 

AD 

OB 

0000  101 1 

Add 

(1  cycle) 

The  result  of  binary  addition  of 
contents  of  accumulator  and  4 bit 
contents  of  the  RAM  currently 
addressed  b>  B icgislei,  replaces 
the  contents  of  accumulator.  The 
resulting  carry-out  is  loaded  into 

C flip-flop. 

C,  A - A+M 

ADC 

OA 

0000  1010 

Add  w ith  carr\  -in 
(1  cycle) 

Same  as  AD  except  the  C flip-flop 
serves  as  a carry-in  to  the  addei . 

C. A A+M*C 

ADSK 

09 

0000  1001 

Add  and  skip  on 

CJ|T>  -out 

(1  cycle) 

Same  as  AD  except  the  next  ROM 
woid  will  be  skipped  (ignored)  if 
a carry-out  is  generated. 

C.  A - A-M 

Skip  if  C = 1 

ADCSK 

08 

0000  1000 

Add  with  carry-in 
and  skip  on  carry-out 
(1  cycle) 

Same  as  ADSK  except  the  C flip- 
flop  serves  as  a carry-in  to  the 
adder. 

C.  A «-  A+M  + C 

Skip  if  C = 1 

ADI 

60-6E 

*01  10  xx x\ 

Except  65 

Add  immediate  and 
skip  on  carr\-out 
(1  cycle) 

The  result  of  binary  addition  of 
contents  of  accumulatui  and  4-bit 
immediate  field  of  instruction  word 
replaces  the  contents  of  accumulj 
lor.  The  next  ROM  word  will  be 
skipped  (ignored)  if  a carry-out  is 
generated.  This  instruction  does 
not  use  or  change  the  C flip-flop. 

The  immediate  field  1(4:1)  of  this 
instruction  ma>  not  be  equal  to 
binary  0000  or  1 0 1 0.  (See  CVS  and 
DC) 

A- A-*|I(4:1)| 

Skip  it  can y-oul  - 
one 

1 1(4:1)  =*  0CC0 

1 1(4:1)  * 1010 

See  Nine  3 

65 

01 10  0101 

Decimal  Correction 
(1  cycle) 

Binary  1 0 1 0 is  added  to  contents  of 
accumulator.  Result  is  stored  in 
accumulator.  Instruction  does  not 
use  or  change  carry  flip-flop  or  skip. 

A — A+1010 

LOGICAL  INSTRUCTIONS 

AND 

OD 

0000  1101 

Logical  AND 
(1  cycle) 

The  result  of  logical  AND  of 
accumulator  and  4-bit  contents  of 

RAM  currcntlv  addressed 

B register  replaces  contents  of 
accumulator. 

A «-  A AM 

OR 

OF 

0000  1 i 1 1 

Logical  OR 
(1  cycle) 

The  result  of  logic  OR  of  accumula 
lor  and  4-bit  contents  of  RAM 
currently  addressed  by  B register 
replaces  contents  of  accumulator. 

ml 

EOR 

oc 

0000  1100 

Logic j!  Exclusive- 
OR  (1  cycle) 

The  result  of  logic  exclusivc-OR  of 
accumulator  and  4-bil  contents  of 
^AM  currently  addressed  by  B 
'cgister  replaces  contents  of 
iccumulator. 

— 

A - AVM 

COMP 

OE 

000O  1110 

Complement  1 

(1  cycle)  1 

i 

Each  bit  of  the  accumulator  is 
ogically  complemented  and  placed 
n accumulator . 

A — A 

*\\\\  Indicates  restrictions  on  bit  patterns  allowable  in  immediate  lield 
as  specified  in  the  symbolic  equation  description 
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data  transfer  instructions 


I'D  Bus 
OP  Code 

Mnemonics  Hex  A Binary  , lv,n,0 

_JJ INamc Description 

SC  00100000  Ucycle)  '"P,l0P  The  C flip-flop  is  setto  1. 

RC  00100,00  C flip-flop  is  se,  ,o  0. 

5,1  o(iunioii)  ~ncS)  F"pMlipli— 

^ Resel  n I Flipdlup  1 is  set  to  0. 

0010  01  10  (I  cycle) 

^ ^ ^el  Flip-flop  2 is  set  to  I. 

0010  0001  (I  cycle) 

^ Reset  F F 2 Flip-flop  2 is  set  to  0. 

0010  0101  (I  cycle) 

LL)  30-37  Load  Accumulator  The  4-bii  contents  of  RAM  cur 

001  I 0 horn  Memory  rep rly  addressed  bv  B register  are 

(I  cycle)  placed  in  the  accumulator.  The 

RAM  address  in  the  B register  is 
then  modified  h\  the  result  of  an 
exclusiw-OR  of  the  3-hit  immedi- 
ate field  1(3:1)  and  B(7:5) 

^ 38  31  Exchange  Accumulator  Same  as  LD  except  the  contents  of 

„00l  1 | and  Memory  (I  cycle)  accumulator  ate  also  placed  in  cur- 

rently addressed  RAM  location. 

tXD  28  21  Exchange  Accumulalot  Same  .is  LX  except  RAM  address  in 

00 |o  | and  Memoiy  and  B register  is  further  modilred  In 

decrement  BL  (I  cycle)  decrementing  BL  h\  I II  the  new 
See  Note  3 contents  of  BL  is  I I 1 1 , the  next 

ROM  word  will  be  ignored. 

LDI  70  71  Load  Accumulator  I he  l-bit  contents,  immediate  field 

(jjll  Immediate  (I  cycle)  l(t:l),ol  lhe  inslruc lion  are  placed 

****  in  accumulator.  (See  Note  below) 

LAX  12  Load  Accumulator  lhe  -1  hit  content*  ol  the  X register 

0001  0010  horn  X legrstei  arc  placed  i n the  accumulatoi 

(I  cycle) 

LX  A ItJ  Load  X Register  from  I he  contents  ol  the  accumulator 

0001  | o | | Accumulator  (I  cycle)  are  tianslei red  to  the  X i egtstei . 

LABL  | | Load  Accumulator  with  lhe  contents  ol  BL  register  are 

0001  0001  BL  (I  cycle)  lianvkwrd  to  the  accumulaUir. 

LBMX  10  Load  BM  with  X lhe  contents  ol  X register  ate 

000 1 0000  (I  cycle)  transferred  to  BM  register 

LBUA  04  Lo.rd  BU  with  A lhe  ctmTcmts  of  accumulator  aic 

0000  01  CM)  (I  cycle)  transferred  to  BU  register  Also, 

the  contents  ol  cuirenlh  addressed 
RAM  are  translerr ed  In  accomul.itnr  I 

noil 

Dnk  the  1 1»  si  occunenceol  an  LDI  in  a consecutive  string  ol  LDIs  will  he  executed  I he  piugi  am 
remaining  LDI  \ and  execute  next  valid  insiiuction. 


Name 

Set  Carr\  flip-flop 
(1  cycle) 

Rose!  Carry  flip-flop 
(1  cycle) 

~~Sel  III 
(I  cycle) 

Reset  T F I 
(1  cycle) 

~Sel  FF2 

(I  cycle) 

Reset  F F 2 
(I  cycle) 

Load  Accumulator 
from  Memory 
(l  cycle) 


EX 

38- 3 F 

4)01  11 

Exchange  Accumulator 
and  Memory  (1  cycle) 

LXD 

28  21 

0010  1 

Exchange  Accumulalot 
and  Memoi  y and 
decrement  BL  (1  cycle) 
See  Note  3 

LDI 

70-71 

Load  Accumulator 

0111 

Immediate  ( 1 cycle) 

LAX 

12 

0001  0010 

Load  Accumulator 

Irom  X register 
(1  cycle) 

LXA 

IB 

oooi  mu 

Load  X Register  from 
Accumulator  (1  cycle) 

LABL 

1 1 

Load  Accumulator  with 

0001  0001 

BL  ( 1 cycle) 

LBMX 

10 

0001  0000 

Lo.ul  BM  willi  X 
(1  cycle) 

LBUA 

04 

0000  0100 

Lo.id  BU  with  A 
(1  cycle) 

Symbolic 

Equation 


C<-0 


F F I ♦-  I 


FFI  <-  0 


■ 

I 

I 

I 


FF2«-0 


A «-  M . 

B(7:5)-B(7:5)V 

11(3:1)1 

See  Note  3 


A *-  M 

B(7:5)-  B(7:5)V 

un  nl 

See  Note  3 

A M~~ 

B(7:5)  *-  B(7:5)V 

IK3  Ml; 

BL  - Bl  I 
Skip  on  BL-  I I I I 

a - uTiTir 

See  Note  3 


A - X 


X A 


A «-  BL 


BM  «-  X 


BU  — A «-  M 


will  ignore  I hr 


DATA  TRANSFER  INSTRUCTIONS  (CONT) 


Mnemonics 

I/D  Bus 

OP  Code 

Hex  <X  Binary 

Name 

Description 

1 1 

Symbolic 

Lqujt  ion 

XABL 

19 

0001  1001 

Exchange  Accumulator 
and  BL  (1  cycle) 

The  contents  of  accumulator  and 

BL  register  are  exchanged. 

A Bl 

XBMX 

18 

0001  1000 

Exchange  BM  and  X 
(1  cycle) 

The  contents  of  BM  register  and  X 
register  arc  exchanged. 

X ^ BM 

XAX 

1 A 

0001  1010 

Exchange  Accumulator 
and  X ( 1 cycle) 

The  contents  of  jccumuldtor  and  X 
register  arc  exchanged. 

A — X 

XS 

06 

0000  0110 

Exchange  SA  and  SB 
(1  cycle) 

The  12-bil  contents  of  SA  register 
and  SB  register  are  exchanged. 

SA  ^ SB 

CVS 

6F 

0110  1111 

Cycle  S A register  and 
accumulator. 

(1  cycle) 

A 4-bit  right  shift  of  the  SA  register 
takes  place  with  the  four  bits  which 
are  shifted  off  the  end  of  SA  being 
transferred  into  the  accumulator. 

The  contents  of  the  accumulator 
are  placed  in  the  left  end  of  SA 
register. 

A-  SARI) 

SARI)  - SAI8  5) 
SA(8:5)  - SA(12  9) 
SA(12:9)  - A 

LB 

CO-CF 

1st  word 

1100 

2nd  word 
from  page  3 

Load  B Indirect 
(2  cycles) 

Sixteen  consecutive  locations  on 

ROM  page  3 (1 2 ) contain  data 
which  can  be  loaded  into  the  eight 
least  significant  bits  of  the  B 
register  by  use  of  any  LB  instruc- 
tion. The  four  most  significant  bits 
of  B register  will  be  loaded  with 
zeros.  The  contents  of  the  SB 
register  will  be  destroyed.  This 
instruction  takes  two  cycles  to  exe- 
cute but  occupies  only  one  ROM 
word.  (Automatic  return)  (See 

Note  below.) 

SB  - SA  - P 
P(I2:5M)000  001  1 

P (-4 : 1 ) — 11(4:1) 

BU  - 0000 

B(8 ; 1 ) — | 12(8 : 1 ) | 
P<-SA~  SB 

See  Notes  3 and  4 

* 

LBL 

00 

1st  word 

0000  0000 
2nd  word 

Load  B Long 
(2  cycles) 

This  instruction  occupies  two  ROM 
words,  the  second  of  which  will  be 
loaded  into  the  eight  least  signifi- 
cant bits  of  the  B register.  The  four 
most  significant  bits  of  B (BU)  will 
be  loaded  with  zeros.  (See  Note 
below) 

BU  - 0000 

B(8:l ) — |I2(8:1)| 

See  Note  3 

INCB 

17 

0001  0111 

Increment  BL 
(1  cycle) 

BL  register  (least  significant  four 
bits  of  B register)  is  incremented  by 

1.  If  the  new  contents  of  BL  is 

0000,  then  the  next  ROM  word 
will  be  ignored. 

BL  - BL  + 1 

Skip  on  BL=0000 

DECB 

IF 

i 0001  1111 

Decrement  BL 
(1  cycle) 

BL  register  is  decremented  by  1.  If 
the  new  contents  of  BL  is  1 1 1 1 1 
then  the  next  ROM  word  will  be 
ignored. 

BL  - BL- 1 

Skip  on  BL  = 1111 

note 

Only  ihc  first  occurrence  of  an  LB  or  LBL  instruction  in  a consecutive  string  of  LB  or  LBL  will  be  executed  The 
program  will  ignore  the  remaining  LB  or  LBL  and  execute  the  next  valid  instruction.  Within  subroutines  the  LB 
instruction  must  be  used  with  caution  because  the  contents  of  SB  have  been  modified. 


15 


CONTROL  TRANSFER  INSTRUCTS 


TM 


TL 


TML 


I/D  Bus 
OP  Code 
Hex  & Binary 


80- BF 

10 


Name 


Transfer 

(1  cycle) 


DO-FF 
1st  word 
1 1 \x 


2nd  word 
from  page  3 


Transfer  and  Mark 
Indirect 
(2  cycles) 


50-5  F 
1st  woid 
0101  ... 
| 2 nd  w or  d 


01-03  * 

1 st  word 
0000  OOx  x 
I 2nd  woi  d 


Transfer  Long 
(2  cycles) 


Transfer  and  Mark 
Long  (2  cycles) 


Skip  on  Carry 
flip-flop 
(1  cycle) 


Skip  on  Accumulator 
Zero  (I  cycle) 


Skip  if  BL  Equal  to 
Immediate  ( cycle) 


Skip  il  FF 1 Equals  1 
(I  cycle) 


Skip  i!  FF2  Equals 
(I  cycle) 


Retui  n 
(I  cycle) 


Description 


An  unconditional  transfer  to  a 
ROM  word  on  the  current  page 
takes  place.  The  least  significant 
6-bits  of  P register  P(6:1)  are 
replaced  by  six  bit  immediate  field 
1(6:1). 


Symbolic 

Equation 


P(6:l)-  1(6:1) 


48  Consecutive  locations  on  ROM 
page  3 contains  pointer  data  which 
identify  subroutine  cntr>  addresses. 
These  subroutine  entrv  addi esses 
are  limited  to  pages  4 through  7. 
This  TM  instruction  will  saw  the 
address  of  the  next  ROM  word  in 
the  SA  register  after  loading  the 
original  contents  of  SA  into  SB  A 
transfer  then  occurs  to  one  of  the 
subroutine  cntr>  addresses.  This 
instruction  occupies  one  ROM 
word  but  takes  two  cycles  for 
execution. 


This  instruction  executes  a transfer 
to  an\  ROM  word  on  any  page.  It 
occupies  two  ROM  wuids  and 
requires  two  cycles  for  execution. 
The  first  byte  loads  P(  12:9)  with 
field  1 1 (4: 1 ) and  then  the  second 
b>  tc  12(8:1 ) is  placed  in  P(S:  I ) 


SB 

-SA  - P 

P(l 

2:7)- 

onno 

P(fi 

: 1 ) — I 

1(6:1 

P(! 

2:9)- 

0001 

P(8 

II-  I. 

2(8: 1) 

Sec- 

Note  4 

No 

le: 

ll(( 

>:5)?(HJ 

P(  I 2:9) «-  lift  \ 
P(S  I ) — 12(8:  I ) 


This  instruction  executes  a tiansler 
and  mjik  to  any  location  on  ROM 
pages  4 through  15  II  occupies 
two  ROM  words  and  requires  two 
cycle  times  foi  execution. 


The  next  ROM  word  will  be 
ignored  if  C flip-flop  is  I 


Sec  Note  4 
SB-SA-P 
P(  1 2:9)  -*-11(11) 
P(8:l)-  12(8:1  ) 
Note  1 1 (2:  1)^00 


Skip  if  C = I 


The  next  ROM  woid  will  be 
ignored  if  accumulator  is  zero. 


The  next  ROM  word  will  he 
ignored  il  the  least  significant  four 
bits  of  B register  (BL)  is  equal  to 
the  4-bit  immediate  field  1(4:1)  of 
instruction. 


The  next  ROM  woid  will  be 
ignored  if  FF2  is  1 . 


The  next  ROM  word  will  he 
ignored  if  FF  I is  I. 


This  instruction  executes  a icturn 
fiom  subroutine  by  loading  con- 
tents of  SA  register  into  P register 
and  interchanges  the  SB  and  SA 
registers. 


Skip  if  A = 0 


Skip  it  BL  = 1(1  I ) 


Skip  if  FF  I = I 


Skip  if  FF2  = I 


P — SA  — SB 


T77 — L 1 n ^ i i-Ur  in  the  designated  bit  positions  in  the  instruction  field 

Indicates  icstriclions  on  hit  patterns  allowable 

•*s  xpeulicd  in  the  symbolic  equation  description. 


CONTROL  TRANSFER  INSTRUCTIONS  (CONT) 


Mnemonics 

I/D  Bus 

OP  Code 

Hex  & Binary 

Name 

Description 

Symbolic 

Equation 

"rINSR 

07 

0000  01  II 

Return  and  Skip 
(1  cycle) 

Same  as  RTN  except  the  first  ROM 
word  encountered  jfter  the  return 
fiom  subroutine  is  skipped. 

Ip  — SA  — SB 

1 P-P+l 

INPUT/OUTPUT  INSTRUCTIONS 


Mnemonics 

I/O  Bus 

OP  Code 

Hex  <k  Binary 

Name 

Description 

Symbolic 

Equation 

IOL 

1C 

1st  word 

0001  1100 
2nd  word 

Input  Out  pm 

Long  (2  cs  cles) 

Thi-,  instruction  occupies  two  ROM 
woids  and  requires  two  cycles  for 
execution.  The  first  ROM  word  is 
received  by  the  CPU  and  sets  up  the 
J/O  Enable  signal.  The  second  ROM 
word  is  then  received  by  the  f O 
devices  and  decoded  lor  address  and 
command.  The  contents  ot  the 
accumulator  inverted  are  placed  on 
the  data  lines  for  acceptance  b\  the 
I/O.  At  the  same  lime,  input  dat.» 
received  by  the  I/O  device  is  u jns- 
f erred  to  the  accumulator  inverted. 

A -*  Data  Bus 

1 A *“  bata  Bux 

12  - 1 O Device 

DIA 

27 

00)0  0111 

Discrete  Input 

Group  A 
(1  cycle) 

Data  at  the  inputs  to  discrete. 

Group  A is  transferred  to  the 
accumulator. 

A-  DIA 

DIB 

23 

0010  001  1 

Discrete  Input 

Group  B 
(1  cycle) 

Data  at  the  inputs  to  discrete. 

Gioup  B is  transferred  to  the 
accumulator. 

A-  DIB 

DOA 

ID 

000)  1101 

Discrete  Output 
(1  cycle) 

The  contents  of  the  accumulator 
are  transferred  to  the  discrete 
output  register . 

D O A — A 

SPECIAL  INSTRUCTION 

SAG 

i - 

13 

0001  001  1 

Special  Address 
Generation 
(1  cycle) 

This  instruction  causes  the  eight 
most  significant  bits  of  the  RAM 
jddress  output  to  be  zeroed  duung 
the  next  cycle  only  Note  that  this 
instruction  does  not  alter  the  con- 
tents of  the  B register. 

A/B  Bus  (12:5) 

— 0000  0000 

A/B  Bus  (-4:1) 

— BL  (-4:1) 

Contents  of  ,,B“ 
remjin  unchanged 

* 1 

general  noils 


(2) 

(3) 


H) 


T.  .4  „ „ .v  ..cpH  m this  instruction  set  means  the  instruction  will  be  read  from  memory  but 

nol* cvetuicd '**E word  will  require  one  Coe.  cycle  ,ime. 

i |.>L  uions  are  defined  as  the  ROM  address  appearing  on  the  A/B  bus  During 
1hc  n “ rC-  o Locution  0 and  •>  au.oma.ically  mcrcmen.cd  each  clock  cycle 

!n,lM  ^oue,A^.f?  t n'ev  "f  Yn  i ni  l B tnd  LBL  have  a numeric  value  coded  as  part  of  the  instruu tion  in  the 
ImSu- IkU. Sins  nuSe  *Sluc  mus.  be  in  complementary  form  on  the  buy  All  of  these  immediate  he.ds 

which  ate  inverted  are  shown  in  bracket*.  ...  , , , , , . 

r . Aril  . ^.imsn  hv  the  programmer  who  wishes  to  add  one  to  the  value  in  the  accumulator,  is 

aS;«—  » — »T»  •>  «*,•» 

l(  . Doj  p.w-kwcll  Assembler  he  does  not  have  to  manualls  determine  the  proper  inverted 

• I the  piogummei  is  Using  Ini  kocioss"  ~ 

value  as  the  asscmliler  does  this  for  him. 

On  all  instruct,*,,  wh.ch  transle,  .In-  contents  of  P tn.o  SA.  the  P register  has  already  been  adsanced 


t«»  the  next  instruction  location. 


■ 


■S*~  ?ne2AAx085b'it0ronhf<r  in  FigUre  8 ls  a 8192-bit  Read  Only  Memory 
,anized  in  a 1024x8  bit  configuration.  It  has  been  designed  with  dynamic 
__  jornHp  loeic  tor  oneraMrm  f >“  /■%  m * 1 « «•  _ .... 


, , . c 7 “•  wao  ueen  uesignea  witn  ay 

reSS  decode  logic  for  operation  from  a single  17  volt  power  supply,  "A"  and 
eiock  inputs  a maximum  access  time  of  1.9  Ks,  and  for  interface  compati- 
ity  with  the  PPS  10660  CPU.  It  is  intended  to  be  used  to  store  8-bit 
roinstruction  routines  for  control  and  sequencing  of  data  within  a PPS  set. 


10660  CPU,  with  its  12-bit  parallel  address  outputs,  can  directly  address 
to  4 ROM  chips  or  4096  words  of  microinstruction.  The  ROM,  with  its  10 
ress  and  4 chip  select  inputs,  provides  for  direct  selection  of  up  to  16 
chips  or  16,384  words  of  microinstruction.  The  two  additional  chip  select 
jts  on  the  ROM  chip  (which  cannot  be  addressed  by  the  12— bit  address  bus) 
be  addressed  by  outputs  from  an  I/O  circuit  or  the  discrete  outputs  avail- 
» on  the  CPU. 


unique  time-sharing  design  of  the  PPS  address  and  data  bus  is  such  that 
jrmation  on  the  data  bus  is  treated  as  8 bits  of  microinstruction  during  one 
:k  phase  time  and  as  dual  4-bit  data  buses  during  the  opposite  phase  time. 

> precludes  the  ROM  from  being  used  for  storage  of  permanent  data  such  as 
i-up  tables  during  the  normal  ROM  Clock  phase  time;  however,  the  A05  ROM  is 
Igned  such  that  it  can  be  encoded  to  respond  to  the  clock  phase  time  allo- 
*.d  to  the  RAM.  During  the  RAM  phase  time  the  RAM  can  receive  4 bits  of 
i from  one  of  the  4-bit  parallel  data  buses  and  transmit  4 bits  of  data  to 
other  4-bit  parallel  data  bus.  Thus,  by  encoding  the  ROM  to  respond  to  the 
ess  and  data  buses  during  the  RAM  phase  time,  it  can  be  used  to  transmit 


Its  of  data  onto  the  data  bus.  In  this  configuration,  the  8 parallel  out- 
? from  the  ROM  can  be  externally  connected  to  form  a 4-bit  parallel  output 
Jhich  time  control  input  A11X  is  used  to  select  the  upper  or  lower  4 bits 
he  8-bit  output.  This  has  the  effect  of  creating  a 2048x4  bit  organiza- 
i for  storage  of  permanent  data  which  is  addressed  and  accessed  during  the 
phase  time. 


vss 


*DD 


CHIP  SELECT 


Figure  8.  A05  — ROM  (1024x8)  Block  Diagram 


Memorv^oreani2ed  ShoWn  ln  Fi8ure  9 is  a 1024-bit  Random  Access 

J Zir  mfmn™ ^5  3 256x4.blt  configuration.  It  has  been  designed  as  a 
"uer  sudd  1 v ^ "a"  jU"5"at^C  refresh  logic  for  operation  from  a single  17  volt 

?°  , ' ’ b clock  inputs,  a maximum  access  time  of  1.9  ps  and  for 

inter  ace  compati  1 ity  with  the  PPS  10660  CPU.  It  is  intended  to  be  used  as  a 
general  working  and  memory  register  storage  of  data  within  a PPS  set. 


The  10660  CPU,  with  its  12-bit  parallel  address  outputs  can  directly  address 
up  to  16  RAM  chips  or  4096  words  of  4-bit  data.  The  RAM,  with  its  8 parallel 
address  and  5 chip  select  inputs,  provides  for  direct  selection  of  up  to  ^2 
RAM  chips  or  8192  words  of  data.  The  one  additional  chip  select  input  can  be 
addressed  by  an  output  from  an  I/O  circuit  or  a discrete  output  from  the  CPU. 


The  unique  time  sharing  design  of  the  PPS  address  and  data  buses  is  such  that 
the  contents  of  a given  location  in  RAM  can  be  exchanged  with  the  contents  of 
the  accumulator  in  the  CPU  during  one  clock  phase  time.  This  is  possible 
because  when  the  RAM  is  addressed  it  shifts  the  4-bit  data  contents  of  the 
addressed  location  to  the  RAM  output  registers  which  place  the  data  on  one  of 
the  4-bit  parallel  data  buses.  At  the  same  time,  if  the  write/RAM  select  input 
to  the  RAM  is  enabled,  the  RAM  captures  the  data  on  the  other  4-bit  parallel 
data  bus  and  copies  it  into  the  memory  location  being  addressed.  In  order  for 
this  to  work,  the  CPU  has  placed  the  contents  of  the  accumulator  into  its  output 
register  (which  is  the  data  being  written  into  the  RAM)  and  copies  the  data 
output  from  the  RAM  into  the  accumulator.  This  timing  and  data  exchange  capa- 
bility is  a major  key  to  the  high  data  rate  and  predictable  performance  of  the 
PPS. 


"SS 


V 


DO 


Figure  9 . 10432  - RAM  (256x4)  Block  Diagram 


DATA 
1 INPUTS 
(4) 


DATA 
■ OUTPUTS 
(4) 


j 
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Ia08__-  ROM/ RAM.  - The  AOS  ROM/RAM,  shown  in  Figure  10,  is  a circuit 
ntaining  a mask  programmable  MOS  TOM  as  well  as  a RAM.  It  is  uniquely 
signed  to  interface  with  the  PPS  CRU  address  and  data  bus  and,  as  such,  is 
eful  in  equipments  requiring  only  a relatively  small  amount  of  ROM  and 
M.  The  ROM  section  is  organized  as  704  x 8 words  (5,632  bits)  while  the 
M section  is  organized  as  76  x 4 words  (304  bits).  The  chip  interfaces 
th  the  common  address  bus  and  contains  a single  address  decoder  section, 
ternal  clock  timing  is  generated  such  that  the  decoded  address  is  routed 
the  RAM  section  or  the  ROM  section  as  a function  of  "A"  and  "B"  clock 
puts.  In  a like  manner,  the  outputs  drive  or  receive  data  from  the  8-bit 
s true  t^on/data  bus  in  the  PPS  as  a function  of  clock  timing  and  control 
gnals.  From  the  users'  point  of  view,  this  single  chip  provides  the  same 
ictions  as  the  A08  ROM  chip  and  the  10432  RAM  chip  except  for  the  smaller 
Dunt  of  ROM  and  RAM. 


CKA  CKB  VSS  VDD 


I/D  -8  ^ 


T 

l/D-4  I 


! 

I/D  t J 


INSTRUCT 

DATA 


Figure  10.  A08 — ROM/RAM  Block  Diagram 


1Q696  General  Purpose  Input/Output — The  General  Purpose  Input/Output  cir- 
cuit shown  in  Figure  11  serves  as  a timing  and  buffer  interface  for  exchanging 
data  between  the  PPS  and  external  equipments.  It  is  designed  with  dynamic 
logic  for  operation  from  a single  17  volt  power  supply  and  is  compatible  with 
the  PPS.  The  clock  signals,  data  timing,  and  impedance  loading  characteris tics 
of  the  PPS  dual  4— bit  parallel  data  buses  are  critical  for  predictable  and 
reliable  performance.  This  performance  can  only  be  assumed,  when  interface  to 
the  PPS  is  through  this  GP  I/O  or  an  I/O  designed  by  NRMEC  specifically  for 
this  purpose. 

The  I/O  accepts  data  from  and  puts  data  on  the  data  buses  as  a result  of  in- 
structions received  from  the  ROM.  That  is,  during  one  time  period,  the  8-bit 
microinstruction  on  the  dual  data  bus  is  received  by  the  I/O,  if  enabled,  and 
decodes  4 bits  of  this  word  to  determine  if  it  is  being  addressed  and  receives 
the  other  4 bits  as  instructions.  The  4-bit  instruction  word  is  interpreted 
by  the  I/O  to  either  copy  the  data  that  follows  on  the  data  bus  into  one  of 
the  three  4-bit  parallel  output  registers  (A,  B,  or  C)  or  transfer  data  from 
one  of  the  4— bit  parallel  input  receivers  (A,  B or  C)  onto  the  data  bus  for 
copying  into  the  accumulator  of  the  CPU.  Table  IV  lists  the  commands  which 
the  I/O  will  respond  to  where  groups  A,  B and  C refer  to  the  three  groups  of 
4— bit  input  receivers  and  output  drivers.  The  output  drivers  are  static  out- 
puts and  data  remains  in  the  output  registers  until  altered.  Bits  1 through 
4 of  the  instruction  word. are  commands  to  the  I/O  while  bits  5 through  8 are 
used  to  address  1 of  16  possible  I/O  chips.  The  4 I/O  select  inputs  are  straps 
which,  when  terminated  by  the  user,  create  the  addresses  for  each  I/O  circuit. 
The  microprogram  must  be  written,  of  course,  to  contain  the  selected  address 
codes.  Bits  1,  2 and  4 of  the  code  select  one  of  the  three  groups  of  4-bit 
registers  while  bit  3 determines  if  the  command  is  to  transfer  data  from  the 
outside  into  the  PPS  or  to  move  data  from  the  PPS  to  the  outside.  For  example, 
an  instruction  to  the  I/O  containing  a code  of  1101  on  the  low  order  bits 
instructs  the  I/O  to  copy  the  contents  of  the  input  data  bus  into  output 
register  group  B.  Similarly,  a code  of  1010  on  the  low  order  bits  instructs 
the  I/O  to  capture  the  data  on  the  input  to  receiver  Group  A and  place  it  on 
the  PPS  data  bus.  The  CPU  will  have  been  instructed  to  copy  this  data  into 
the  accumulator.  In  this  manner,  data  transfers  between  external  circuitry 
and  the  PPS  can  occur  very  rapidly. 

The  12  input  receivers  are  high  impedance  inputs  (>  megohm)  and  are  designed  to 
accept  TTL  or  MOS  levels.  The  12  data  outputs  as  well  as  the  "A"  clock  output 
are  open  collector  type  of  circuits  which  can  be  used  to  provide  TTL  or  MOS 
levels.  A typical  output  driver  (Tigure  12)  shows  terminations  to  achieve  TTL 
levels.  The  6.8K  ohm  resistor  is  for  pulldown. 
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I J 


Figure  11.  10696  - General  Purpose  Input/Output 


Table  V 

DATA  BUS  I/O  INSTRUCTION  CODE  (l/D) 

Chip  I/iJ 
Select  Operation 
j Address  Code 


87654321 

xxxxlOlO 
x x x x 1 0 0 1 
xxxxOOll 
x x x x 1 1 1 0 
xxxxllOl 
xxxxOlll 


1/D  dus 


Read  Group  A 
Read  Group  B 
Read  Group  C 
Set  Group  A 
Set  Group  B 
Set  Group  C 


TTL 

GATE 


Figure  12 


Termination 


10706  - Clock  Generator  — The  10706  Clock  Generator  circuit  shown  In 
Figure  13  generates  the  MA"  and  "B"  clock  waveforms  required  of  the  circuits 
in  the  PIS.  It  is  designed  for  single  17  volt  power  supply  operation  and  has 
an  internal  oscillator  which  can  be  stabilized  by  connecting  a quartz  crystal 
to  the  appropriate  inputs.  It  is  recommended  that  a 3.579545  MHz  color  TV 
crystal  (which  is  low  in  cost  and  readily  available)  be  used  for  this  purpose. 

A clock  output  is  a square  wave  and  considered  the  primary  clock.  Out- 
put "B"  is  a pulse  output  occurring  during  each  phase  of  the  "A"  clock  and  has 
unique  timing  features  required  of  the  circuits  within  the  PPS  set.  The  "A” 
clock  is  also  provided  through  an  output  which  drives  to  most  positive  voltage 
such  that  TTL  levels  can  be  easily  achieved  for  synchronizing  circuits  exter- 
nal to  the  PPS. 

The  input  straps  provide  a countdown  of  the  oscillator  frequency  equal  to  the 
number  associated  with  the  strap;  i.e.,  S12  divides  the  input  frequency  by  12, 
S14  divides  by  14  and  S18  input  results  in  a countdown  by  18.  Thus,  with  a 
crystal  frequency  of  approximately  3.58  MHz  and  input  S18  terminated  to  V^d» 
the  "A"  clock  output  frequency  will  be  358  4 18  = 199  kHz.  This  is  the  recom- 
mended mode  of  operation  when  used  with  the  PPS  circuits. 


The  clock  generator  can  be  used  to  synchronize  the  PPS  to  an  external  system  by 
inputting  a square  wave  to  the  input  of  the  oscillator  instead  of  connecting  a 
crystal  across  the  oscillator.  This  allows  the  user  to  uniquely  determine  the 
operating  frequency  within  the  allowed  range  of  the  PPS. 


FREQUENCY  SELECT  STRAPS 


Figure  13.  10706  - Clock  Generator 

Block  Diagram 


PP5  Evaluation  Board  (ZlJl  u2) 


The  PP3  Evaluation  Board  is  an  aid  for  understanding  and  utilizing 
Rockwell  s Parallel  Processing  System.  The  Evaluation  Board 
is  a printed  circuit  card  containing  all  the  necessary  components 
of  a PPS  set  including  a crystal  controlled  clock  generator  cir- 
cuit, power-on  initialization  circuit,  one  10660  CPU;  two  10^-32 
RAMs,  and  two  IO696  i/Os.  That  is,  it  contains  everything  except 
the  ROM.  The  content  of  the  ROM  is  the  system  microprogram  which 
is  developed  by  the  customer  and  is,  therefore,  unique  to  each 
product  and  application. 

A typical  PPS  evaluation  system  is  shown  in  Figure  14.  All  pertin- 
ent signal,  control,  address,  data  and  i/o  lines  come  off  the  board. 
The  address  and  data  bus  go  through  a ROM  emulator  interface  circuitry 
for  converting  the  PPS  MOS  dynamic  signals  to  TTL  static  signals. 

This  allows  the  user  to  implement  the  ROM  emulator  with  an  in-house 
minicomputer  memory  or  memory  circuits  specifically  designed  to  be 
used  for  microprogram  development  such  as  the  Signetics  Memory 
Systems  --  SMS  Model  1000 A ROM  Simulator. 

The  development  of  a microprogram  listing  is  much  like  the  develop- 
ment of  a general  purpose  computer  program.  That  is,  the  machine 
language  mnemonics  must  be  understood,  the  problem  must  then  be 
defined,  an  initial  program  listing  compiled,  and  then  --  with  the 
aid  of* a computer  — the  program  is  tested,  debugged  and  finally 
released  for  running. 

Thus,  a user  of  PPS  must  first  define  the  product  program  problem; 
compile  a listing  with  the  aid  of  Rockwell's  PPS  assembler  and 
simulation  computer  program  (available  through  Tymshare , Inc., 
national  time  share  network);  test  the  program  with  the  ai4  of  a 
ROM  emulator  and  Rockwell's  PPS  evaluation  board;  and  finally, 
when  the  microprogram  has  been  proven  and  demonstrated,  submit 
the  ROM  patterns  to  Rockwell  for  conversion  to  a MOS  ROM  such  as 
the  A05--.  This  sequence  is  necessary  since  each  individual  ROM 
is  unique  and  of  value  only  to  the  specific  application.  It  is 
not  effective  for  Rockwell  or  the  user  to  process  a small  quantity 
of  ROM  patterns  for  trial  purposes  and,  therefore,  maximum  effort 
must  be  carried  out  to  assure  valid  ROM  patterns. 

Individual  component  specifications  are  given  in  the  Device  Specifica- 
tions; program  aids  are  included  in  the  Programmer's  Manual;  schematics 
for  interfacing  to  the  ROM  emulator  are  provided  as  part  of  the  evalua- 
tion kit;  and  the  PPS  Application  Notes  provide  general  systems 
information. 


P PS  Evaluation  Board  Specifications 


3.  Power  Reauirements 


17  volts  +, 

0.060  Amps  Typical 


System  Components  on  Board 

1 10660  CPU 

2 ea  10i*32  RAM 

2 ea  106>6  General  Purpose  I/O 

1 10706  Clock  and  Crystal 

Automatic  Power  on  Reset 


4.  Board  Connector 


Sylvania,  PN  bAC  A0-X7 -12C-0 
Winchester  PN  HW  50D0-111 
Viking  FN  ^VH50/lC;.T) 


ROCKWELL-FURNISHED 
EVALUATION  BOARD 


CUSTOMER  FURNISHED 

PROGRAMMEMORY 


POWER  ON 
RESET 


PROM  OR 
ROM 

EMULATOR 


RAM  RAM 


256x4  256* 


ADDRESS 


INSTRUCTION 


INSTRUCTIONS 


32  INPUTS 
?i  OUTPUT* 


Figure  14  PPS  Evaluation  System 


^sl  ^ ^ fi'iouvu  <y( f 


'p  rt  O / 

‘'PRELIMINARY 


PRODUCT  DESCRIPTION 


STC  CONTROLLER 


(Sequencing  - Timing  - Counting)' 


The  Rockwell  STC  (Sequencing,  Tiding,  Counting)  controller  is  the 

a newly  implemented  concept  that  enables  the  power  and  versatil- 
i y of  microprocessors  to  be  applied  to  industrial  control  problems  by 
industrial  engineers.  No  longer  is  a skilled  microcomputer  software  pro- 
grammer needed  to  translate  the  real  world  timing,  sequencing  and  counting 
requirements  into  the  complex  language  of  the  computer  world.  Once 
a control  problem  has  been  reduced  to  a timing  or  flow  diagram,  a 
sample  application  of  Rockwell’s  ICOL  (Industrial  Controller  Operat- 
L^guage)  is  all  that  is  needed  to  program  the  controller  for  func- 
tional operation. 


Rockwell's  concept  is  based  on  a common  microprocessor  printed 
circuit  module  that  has.  been  preprogrammed  to  operate  from  commands 
stored  in  an  insertable  PROM.  This  PRO!  contains  the  ICOL  coding 
that  customizes  the  controller  for  specific  applications.  Recog- 
nizing that  there  are  very  few  I/O  configurations  that  can  be  con- 
sidered standard,  it  is  planned  that  each  application  will  require 
a customized  I/O  module.  This  module  can  be  provided  by  yourself 
using  guidelines  and  application  notes  from  Rockwell  or  you  can  have 
Rockwell  or  a recommended  subcontractor  provide  it  to  your  specifications 


To  further  simplify  the  use  of  Rockwell  STC  Controller, 
it  is  planned,  for  the  near  future,  to  offer  an  inexpensive,  easy- 
to-use  programmer/checkout  system  for  use  in  hardware  checkout  of 
the  desired  commands  and  to  program  the  PROMs  needed  for  operation. 
The  system  will  accept  English  ICOL  commands  and  translate  them  into 
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the  code  needed  for  the  PROMs,  Specific  sets  of . commands  can  be 

stored  on  or  retrieved  from  audio  cassettes  and  be  printed  on  a 
paper  tape. 

The  ICOL  Commands 

One  of  the  important  features  of  the  Rockwell  Industrial  Con- 
troller is  its  ability  to  be  programmed  to  do  its  customized  functions 
in  a PRCM  (Programmable  Read  Only  Memory] , using  a set  of  commands 
directly  related  to  the  control  functions  being  performed.  There 
will  be  no  need  for  you  to  learn  all  the  rules  and  details  of  pro- 
gramming a microcomputer,  but  only  the  few  English  type  commands 
created  for  industrial  control  type  problems.  These  commands  are 
called  ICOL  (Industrial  Controller  Operating  Language).  Table  1 is 
a listing  of  these  commands,  Table  2 is  a listing  of  the  functional 
elements  in  the  controller.  The  following  is  a detailed  description 
of  the  controller  operation  and  the  tables. 

The  Rockwell  Industrial  Controller  operates  sequentially.  That 
is,  it  starts  at  the  first  command,  performs  it  and  goes  to  the  next. 
Each  command  takes  time  to  be  performed.  Table  1 gives  the  specific 
time  for  each  command. 

The  Controller1 s Elements 

The  term  '’element11  is  being  used  as  a generalized  descriptor 
for  the  functional  parts  of  the  controller.  These  elements  consist 
of  discrete  t>pe  inputs  and  outputs,  digital  (4  bit  parallel)  inputs 
and  outputs,  internal  timers,  an  internal  time  of  day  (plus  day  of 
week)  clock,  internal  counters,  status  indicators,  internal  indicators. 


TABLE  1 
I COL  COWANDS 
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Command 

Name 


Command 

Form 


IF 


IF  (£)  ON 
IF  (f)  OFF 
IF  (fl)  = (£2) 

IF  (fl)  < (f2) 
IF  (fl)  > Cf2 


GO  TO 

GO  TO  (f) 

GO  TO  (f)  § RETURN 

RETURN 

TURN 

RETURN 

VECTOR  RETURN 

TURN  (£)  ON 

TURN  (f)  OFF 

SET 

SET  (fl)=  (£2) 

TOGGLE 

TOGGLE  (f) 

ADD 

ADD  (£2)  to  (fl) 

SUBTRACT 

' SUETRACT  (£2)  from 

C£1) 

SCALE  I SCALE  (£1)  by  (f2) 

REPEAT  I REPEAT  (£1) 
COMMANDS  (f2) 

TDES 


WAIT  I WAIT  (f)  SEC 
WAIT  (f)  MIN 
WAIT  (f)  HOURS 
WAIT  UNTIL  (£) 
IS  ON 

WAIT  UNTIL  (f) 
IS  OFF 

CONVERT  I CONVERT  (fl)  to 
(f 2)  from  (f3) 


Execution  Time 
(Tentative) 


.8  to  15  ms 

575  to  595  ps 

170  to  190  ;us 

(SOP)  145  ps 
445  to  465  ps 

(SKIP)  460  to 
470  ps 

1 to  4 ms 

(SKIP)  145  ps 
500  to  520  ps 


.2  to  1 ms 


(SKIP)  470  to 
510  ms 
.5  to  1 ms 
(SERVICE)  30 
[ to  150  ps 


Applicable  Elements  (f) 


indicators,  discrete  I/O,  tir.ers 

it  it  tt  it 

timers,  display,  counters,  digital 
I/O,  TOD  clock,  constants 
ditto  above 
ditto  above 

label 

it 


indicators,  discrete  outputs 

11  " " , counter 

digital  outputs 

timers,  display,  counters,  TCD 

clock,  digital  output,  indicators, 
discrete  outputs 

indicators,  discrete  output 


timers,  displays,  counters,  TCD 
clock,  digital  output 

timers,  displays,  counters,  TOD 
clock,  digital  output 

counters,  constants,  digital  outputs 

CONSTANTS 


constant 

II 


timers,  discrete  input 


it 


it  tt 


counters,  digital  I/O,  displav, 
label 
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TABLE  2 


elements 


NO. 

SPECIFIC 

STROBE 

■ ELEMENT  type  avail 

REF. NAME 

(IF  USED) 

DATA  SIG. 

• * REMARKS 

Digital  Inputs  3 

D01 

DO  2 

DS5-DS8 

DS1-DS4 

DID-DIA 

DID-DIA 

^ Combined  for  * 

D03 

DS9-DS11 

DID-DIA 

only  3 digits 

DIDBL 

DS1-DS8 

DID-DIA 

*for  double  element 

Digital  1 

DSW 

.. 

SK  S9  - S 21  ON  BOARD 

Switch  Inputs 

Discrete  8 

BSW1 

SI  ON  BOARD 

Switch  Inputs 

BSW2 

-- 

- - 

S2  ON  BOARD 

BSW3 

-- 

- - 

S3  ON  BOARD 

BSW4 

-- 

-- 

S4  ON  BOARD 

BSW5 

-- 

-- 

S5  ON  BOARD 

BSW6 

-- 

-- 

S6  ON  BOARD 

BSW7 

-- 

S7  ON  BOARD 

- 

BSW8 

-- 

— 

S8  ON  BOARD 

Discrete  Inputs  44 

BIS1 

SC  2 

BISA 

BIS 

BIS2 

SC  2 

BISB 

BIS3 

SC2 

BI  SC 

BIS4  • 

SC2 

BISD 

BIS5 

SC3 

BISA 

BIS6 

SC3 

BISB 

• 

B1S7 

SC3 

BISC 

BIS8  . 

SC3 

BISD 

BIS9 

SC4 

BISA 

BIS10 

SC4 

BISB 

BIS11 

SC4 

BISC 

BIS12 

SC4 

BISD 

BIS13 

SC5 

BISA 

BIS14 

SC5 

BISB 

BIS15 

SC  5 

BISC 

BIS16 

SC5 

BISD 

BIS17 

SC6 

BISA 

BIS18 

SC  6 

BISB 

BIS19 

SC6 

BISC 

BIS20 

SC6 

BISD 

BIS21 

SC7 

BISA 

BIS22 

SC  7 

BISB 

BIS23 

SC7 

BISC 

) 

BIS24 

SC  7 

BISD 

BIS25 

SC8 

BISA 

BIS26 

SC8 

BISB 

BIS27 

SC8 

BISC 

BIS28 

SC8 

BISD 

* 

(table  continued) 


Table  2 (continued) 
ELEMEI'tfS 
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“bVtCIHC  " 

“S'lSOSE 

element  type  avail 

REF.  NAME 

(IF  USED) 

DATA  SIG. 

REMARKS 

BIS29 

SC9 

BISA 

BIS30 

SC9 

BISB 

BIS31 

SC9 

BISC 

BIS32 

SC9 

BISD 

• 

BIS33 

SC10 

BISA 

BIS34 

SC10 

BISB 

BIS35 

SC10 

BISC 

BIS36 

SC10 

BISD 

BIS37 

sen 

BISA 

BIS38 

sell 

BISB 

BIS39 

sell 

BISC 

BIS40 

sen 

BISD 

BIS41 

sen 

BISA 

BIS42 

SCI  2 

BISB 

BIS43 

SC12 

BISC 

BIS44 

SC12 

BISD 

High  Speed  4 

HSC1 

SB10 

BISA 

Counter 

HSC2 

SB10 

BISB 

Inputs 

HSC3  • 

SB10 

BISC 

HSC4 

SB10 

BISD 

Interrupt  4 

VECT1 

SB11 

BISA 

Vector 

VECT2 

SB11 

BISB 

Controls 

VECT3 

SB11 

BISC 

VECT4 

SB11 

BISD 

• 

Digital  Outputs  3 

DOl 

DO  2 

SB5-SB8 

SB1-SB4 

DOD-DOA 

DOD-DOA 

^ Combined  for  * 

DO  3 

SB9 

-DOD-DOA  ‘ 

Only  1 digit 

■ 

DODBL 

SB1-SB8 

DOD-DOA 

*for  double  element 

Direct  Discrete  2 

B0D1 

-- 

— 

Outputs 

BOD2 

"" 

Discrete  Outputs  48 

BOS1 

SCI 

BOSA 

B0S2 

SCI 

BOSB 

BOS  3 

SCI 

BO  SC 

BOS4 

SCI 

BOSD 

BOSS 

SC2 

BOSA 

BOS6 

SC2 

BOSB 

BOS  7 

SC2 

BOSC 

BOS8 

SC  2 

BOSD 

BOS9 

SC  3 

BOSA. 

BOSIO 

SC  3 

BOSB 

BOSH 

SC3 

BOSC 

BOS12 

SC3 

BOSD 

(table  continued) 

• 

Table  2 (continued) 
elecnts 
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ELEMENT  TYPE  AVAIL 


Display  Outputs  8 


REF.  My  IE  (IF  USED!  mra  siG. 


EOS13 

BOS14 

BOS15 

BOS16 

BOS17 

BOS18 

EOS19 

BOS20 

BOS21 

BOS22 

BOS23 

BOS24 

BOS25 


REMARKS 


SC4 

SC4 

SC4 

SC4 

SC5 

SC5 

SC5 

SC5 

SC6 

SC6 

SC6 

SC6 

SC7 


BOSA 

BOSB 

BOSC 

BOSD 

BOSA 

BOSB 

BOSC 

BOSD 

BOSA 

BOSB 

BOSC 

BOSD 

BOSA 


BOS26 

SC7 

BOSB 

BOS27 

SC7 

BOSC 

BOS28 

SC7 

BOSD 

BOS29 

SC8 

BOSA 

BOS30 

SC8 

BOSB 

BOS31 

SC8 

BOSC 

BOS32 

SC8 

BOSD 

BOS33 

SC9 

BOSA 

BOS  34 

SC9 

BOSB 

BOS3S 

SC9 

BOSC 

BOS36 

SC9 

BOSD 

BOS37 

SC10 

BOSA 

BOS38  . 

SC10 

BOSB 

BOS39 

SC10 

BOSC 

BOS40 

SC10 

BOSD 

BOS41 

SC11 

BOSA 

BOS42 

SC11 

BOSB 

BOS43 

sen 

BOSC 

■ 

BOS44 

sell 

BOSD 

BOS4S 

SCI  2 

BOSA 

BOS46 

SCI  2 

BOSB 

BOS47 

SC12 

BOSC 

BOS48 

SC12 

BOSD 

DSPL 

SA4-SAI 

Al.Bl. . 

.HI 

DSPL2 

SA8-SA5 

Al.Bl.. 

.HI 

DDSPL1 

SA8-SA 

Al.Bl.. 

.m 

DSPL3 

SA12-SA9 

A1 ,B1 . . 

.HI 

DSPL4 

SA16-S-U3 

Al.Bl.. 

• HI 

DDSPL3 

SA16-SA9 

Al.Bl.. 

.HI 

DSPL5 

SA4-SA1 

A2.B2. . 

• H2 

DSPL  6 

SA8-SA5 

A2.B2. . 

.H2 

DDSPL5 

SAS-SA1 

A2.B2. . 

•M2 

} 


combined  for  * 
*for  double  ELEMENT 

^ combined  for  * 
*for  double  element 


} 


combined  for  * 
*for  double  element 


(table  continued) 
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~5PtCTnr~ 

~ STROBE 

ELEMENT  TYPE 

AVAIL 

REF.NA'E 

(IF  USED) 

DATA  SIG. 

REMARKS 

DSPL7 

DSPL8 

SA12-SA9 

SA16-SA13 

} cc,n,bineti  f°r  * 

DDSPL7 

SA12-SA9 

A2.B2...H2  ‘for  double  element 

Counters 

without 

16 

**CNTR1 

CNTTR2 

-- 

— 

^ combined  for  * 

Battery 

**DCNTR1 

_ _ 

*for  double  element 

Backup 

5f 

99 

II 

-p*  Uj 

* ^ 

— 

^ combined  for  * 

**DCNTR3 

— 

— 

*for  double  element 

V 

**CNTR5 

_ _ 

) combined  for  * 

CNTR6 

-- 

-- 

**DCNTR5 

— 

— 

*for  double  element 

\ 

**CNTR7 

_ 

_ _ 

/ combined  for  * 

CNTR8 

-- 

-- 

J 

**DCNTR7 

— 

-- 

*for  double  element 

\ 

**arrR9- 

) combined  for  * 

CNTR10 

— 

— 

) 

* 

**DCNTR9 

— 

-- 

*for  double  element 

• 

**CNTRll 

— 

— 

/ combined  for  * 

CNTR12 

— 

— 

J 

••DCNTRll 

— 

-- 

*for  double  element 

\ 

**CNTR13 

-- 

-- 

/ combined  for  * 

CNTR14 

— 

— 

J 

- 

**DCNTR13 

• -- 

*for  double  element 

\ 

**CNTR15 

— 

- - 

) combined  for  * 

CNTR16 

— 

— 

**DOmU5 

- - 

*for  double  element 

Counters 

with 

16 

CNTR17 

OTTR18 

-- 

— 

^ combined  for  * 

Battery 

Backup 

DCNTR17 

” *■ 

“ ” 

*for  double  element 

CNTR19 



_ «. 

\ 

CNTR20 

-- 

/ combined  for  * 

DCNTR19 

— 

-- 

*for  double  element 

orrR2i 

... 

^ combined  for  * 

CNTR22 

-- 

— 

DCNTR21 

-- 

— 

*for  double  element 

•‘Available  for  high  speed 
inputs 


(table  continued) 
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Table  2 (continued) 
elements 


rax  specific — - 

ELEMENT  TYPE  AVAIL  REF. NAME  (IF  USED)  DATA  SIG. 


CNTR23 

CNTR24 

DCNTR23 

CNTR25 

CNTTR26 

DCNTR25 

CNTR27 

CNTR28 

DCNTR27 

CNTR29 

CNTR30 

DCNTR29 

CNTR31- 

CNTR32 

DCNTR31 


REMARKS 

^ combined  for  * 
*for  double  element 
^ combined  for  * 
*for  double  element 
^ combined  for  * 
*for  double  element 
^ combined  for  * 
*for  double  element 
^ combined  for  * 

*for  double  element 


Timers  4 TIM1 

TIM2 

TIM3 

T3M4 


Constants  8 Integer 


Any  combination  of  2, 

4 or  8 digit  constants 
whose  total  digits 
don't  exceed  16  except 
only  4 of  2 digits 
constants  are  allowed 


Flags  33  OVRF 

UNDF 

VEFLG 

VRFLG 

FLAG1 

FLAG  2 

FLAG  3 

FLAG  4 

FLAGS 

FLAG  6 

FLAG  7 

FLAG  8 

FLAG  9 

FLAG10 

FLAGH 

FLAG12 

FLAG13 

FLAG14 

FLAG15 


Overflow  flag 
Underflow  flag 
Vector  enable  flag 
Vector  reset  flag 
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Table  2 (continued) 

J1B1ENTS 


RTT 

W.FMEOT  TYPE  AVAIL 


sfkihc — mm ; 

REF. NAME  (IF  USED!  DMA  SIG.  ■ REMARKS 

FLAG16 
FUG  17 
FUG  18 
FUG19 
FUG20 
FLAG21 
FUG22 
FUG23 
FUG24 
FUG2S 
FUG  26 
FUG27 
FUG28 
FUG29 


Time  of  Day 
Clock 


1 DAY 

ax 

DCLK 


One  to  Seven  days 
Hours  § Minutes 
(1  to  24  hours) 
Days,  Hours  § Minutes 
(double  element) 
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output  signals  for  eight  segment  displays,  constants,  labels  and 
conversion  tables.  Table  2 is  a list  of  these  elements.  The 
elements  are  to  what  the  comnands  apply. 


ICOL  Comand  Details 

In  the  following  description  of  the  commands  a double  underline 
will  be  used  to  designate  the  portion  of  the  English  input  that  must 
be  entered,  in  the  same  order  as  it  appears  below.  Single  underlines 
are  used  to  show  where  the  elements  are  to  be  entered. 


At  this  point  we  want  to  consider  the  actual  way  the  commands  will 
be  entered  to  the  • Programmer/Checkout » system  without  getting  involved 
with  all  the  details  of  operating  this  previously  mentioned  support 
system.  Therefore,  assume  that  there  will  be  a typewriter  keyboard 
and  that  the  commands'  will  be  entered  as  if  typing  a single  line  of 
English.  Furthermore,  assume  that  all  the  elements  have  been  given 
English'  type  (noun)  names  and  that  they  have  been  assigned  to 
specific  controller;  ' I/O  or  internal  functions. 

The  first  word  to  be  typed  is  expected  to  be  one  of  the  commands. 

If  it  is  not,  it  is  then  assumed  to  be  a label  (see  following  section 

for  description  of  labels).  As  in  normal  English,  spaces  are  used  to 

separate  words  and  number  sets.  After  satisfying  all  the  parts  needed 

, c _ cnorific  command,  comments  or  notes  may  be  added.  A 

for  entry  or  a “■ 

carriage  return  (CR)  ends  that  line. 


The  ’IF*  Prefix  Command  . _ 

This  prefix  is  used  t0  esta^lish  a condition,  and  if  the  condi- 
tion is  satisfied,  then  the  command  will  be  performed;  otherwise 
it  will  be  skipped.  It's  English  forms  are: 


Page  11 


IF 

(noun) 

IF 

(noun) 

The  (noun) 

r* 

outputs,  s 

IF 

(noun  1) 

IF 

(noun  1) 

IF 

(noun  1) 

IF 

(noun  1) 

IF 

(noun  1) 

is  ON  then  (command) 
^en  (command) 


is  ^ (noun-  2)  f then  (command) 

is  GREATER  THAN  (noun  2)  , then  (command) 

is  (noun  2)  , then  (command) 


IF  (noun  1)  is  < 


(noun  2)  , then  (command) 


The  (noun  1)  and  (noun  2)  for  the  above  can  be  timers, 
displays,  counters,  digital  inputs  and  outputs,  time 
of  day  clock,  indicators  or  constants. 


Note:  It  has  been  assumed  that  neither  "to"  nor 

•■than"  have  been  assigned  as  a (noun) . 
nSS  Acounter  is  considered  "OFF"  if  zem  end  "ON" 

it  riot. 


The  ’GO -TO'  Command 

This  command  is  used  to  change  the  normal  sequence  of 

, T„  the  next  and  subsequent  commands  to  be  obtained 

commands,  it  causes 

at  a location  in  the  sequence  of  co™d  identified  by  a (label). 

£ nf  this  command,  the  first  is  when  it  is  not 
There  are  two  forms  or 

present  sequence  of  commands  and  the  second 
desired  to  return  to  the  prese  4 „ 

. jesired  to  return  to  the  commard  following  the 
is  used  when  it  is  _ 

a Tts  English  forms  are: 

"GO  TO"  command,  *t»  ^ 

GO  TO  (label) — • 

^TO  _Jlabell__  and  ^HJRN.  _ 

tv.a  "GO  TO"  and  "RETURN"  command  may  be  used 
Note:  ine  u 

only  two  times  in  a sequence  without  using  a "RETURN" 
orcmand  If  more  than  two  'GO  TO  and  "RETURN"  commands 


I 
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e given,  only  the  last  two  will  be  usable  for 

* ’RETURN"  commands. 

The  ’’RETURN”  Command 

This  command  is  used  to  return  the  sequence  of  commands  to 

the  command  following  the  last  "GO  TO"  and  "RETURN"  command  or  from 

a vector  input.  The  English  forms  are: 

RETURN 

VECTOR  RETURN 

The  'TURN  ON”  or  "OFF'  Commands 

These  commands  are  used  to.  turn  on  or  off  a specific 
element.  Its  English  forms  are: 

TURN  ON  Cnoun) 

TURN  OFF  (noun) 

The  noun  for  this  command  can  be  status  indicators,  internal 
indicators  and  discrete  outputs. 

The  "SET11  "EQUAL"  "TO"  Command 

This  command  is  used  to  set  one  element  equal  to  another. 

Its  English  forms  are: 

SET  (noun  1)  EQUAL  TO  (noun  2) 

SET  (noun  1)  = (noun  2) 

The  (noun  1)  and  (noun  2)  for  the  above  can  be  timers,  displays, 
indicators,  discrete  I/O,  or  counters.  In  addition  (noun  1)  can  be  a 
digital  output  and  (noun  2)  can  be  time  of  day  clock  or  a digital  input. 
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Note_:  It  has  been  assumed  that  lfT0M  has  not  been  assigned 
as  a (noun) . 


The  ’TOGGLE"  Command 

This  command  is  used  to  change  an  element  to  on  if  off  and  to  off 
if  on.  Its  English  form  is: 

TOGGLE  (noun) 

The  noun  for  this  command  can  be  status  indicators,  internal 
indicators  and  discrete  outputs. 


The  "ADD"  Command 

— -I 

This  command  is  used  to  add  two  elements  together.  (Noun  2) 
is  added  to  (noun  1)  and  the  result  is  left  in  (noun  1).  Its 


English  form  is:  • 

ADD  (noun  2)  TO  (noun  lj 

The  (noun  1)  and  (noun  2)  for  the  above  can  be  timers,  displays 
or  counters.  In  addition  (noun  1)  can  be  a digital  output  and  (noun  2) 
can  be  time  of  day  clock,  a digital  input  or  a constant.  The  constant 
can  be  any  number  from  0 to  9999  for  single  element  and  from  0 to 
99999999  for  double  element.  If  the  result  is  greater  than  the 
capacity  of  the  element  (i.e.,  4 digits  for  single  element  or  8 
digits  for  double  elements) , the  overflow  flag  (OYRF)  status  indicator 


, will  remain  on  until  a subsequent  "ADD,"  "SCALE," 

will  be  turned  on  and  win  re,,“-u 

an  OVRF  "TURN  OFF,"  or  "TOGGLE”  command  is  given;  then  the  flag  will 

..  . Thp  result  left  in  (noun  1)  will  be  accurate  to 
be  set  accordingly.  The  result- 

, . ...  . ..  allowed.  (I.e.,  if  (noun  1)  equals  9990  and 

the  significant  digits  aiiowe 

(noun  2)  which  equals  IS  is  added,  «*  resulting  (noun  1)  would  be 
equal  to  0005  and  the  overflow  nag  would  be  on.) 
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The  f 'SUBTRACT"  Command 

This  command  is  used  to  subtract  one  element  from  another.  Its 
English  form  is: 

SUBTRACT  CNoun  2)  FROM  (noun  1) 

(Noun  2)  is  subtracted  from  (noun  1)  and  this  result  is  left  in 
(noun  1).  The  (noun  1)  and  (noun  2)  for  the  above  can  be  timers,  dis- 
plays or  counters.  In  addition  (noun  1)  can  be  a digital  output  and 
(noun  2)  can  be  time  of  day  clock,  a digital  input  or  a constant. 

The  constant  can  be  any  number  from  0 to  9,999  for  a single  element 
and  from  0 to  9,999,999  for  double  elements.  If  the  result  is  a nega- 
tive number,  the  underflow  flag  (UNDF)  status  indicator  will  be  turned 
on  and  will  remain  on  until  a subsequent  * 'SUBTRACT/ 1 or  an  UNDF  'TURN 
OFF"  or  "TOGGLE"  command  is  given;  then  the  flag  will  be  set  accord- 
ingly. The  result  left  in  (noun  1)  will  be  accurate  to  the  signifi- 
cant digits  allowed.  (I.e.,  if  (noun  1)  equals  0005  and  (noun  2)  which 
equals  15  is  subtracted,  the  resulting  (noun  1)  would  be  equal  to 
9990  and  the  underflow  flag  would  be  on.) 
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The  "SCALE"  Command 

* 

This  command  is  used  to  scale  or  multiply  an  element  by  a con- 
stant. Its  English  form  is: 

SCALE  (noun)  by  (constant) 

The  (noun)  can  be  a counter  and  the  (constant)  any  number  from 
.01  to  99.99. 

The  "REPEAT"  Command 

This  command  is  used  when  it  is  desired  to  repeat  a certain 
sequence  of  commands  for  a specified  number  of.  times.  Its 
English  form  is: 

REPEAT  (constant  1)  COMMANDS  (constant  2)  TIMES 

<* 

(Constant  1)  is  the  number  of  commands  (1  to  255)  to  be  repeated. 

Note:  The  "GO  TO"  and  ,fRETURN"  command  is  counted  as 
one  command  and  the  commands  at  the  "GO  TO"  label  are 
not  counted. 

(Constant  2)  is  any  number  from  2 to  16  that  represents  the 
number  of  times  that  the  sequence  is  to  be  repeated. 

The  >fWAIT"  Command 

This  command  is  used  when  it  is  desired  to  stop  the  progression 
of  commands.  Its  English  forms  are: 
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- WAIT  (constant  1}  SECONDS 
WAIT  (constant  2 ) MINUTES 
WAIT  (constant  2)  HOURS 
WAIT  UNTIL  (noun)  is  ON 
WAIT  UNTIL  (noun)  is  OFF 

Constant  1 is  any  number  from  0.1  to  999.9  seconds  in  0.1  second 
increments  or  1 to  9999  seconds  in  one  second  increments.  Constant  2 
is  any  number  from  1 to  9999.  The  noun  for  the  above  is  either  a 

timer  f a discrete  input,  or  a counter. 

Note:  It  has  been  assumed  that  "UNTIL"  has  not  been 

assigned  as  a (noun) . ... 

Note:  A counter  at  zero  is  considered  off,  otherwise  it  is 

on. 

The  "CONVERT"  Command. 

* This  command  is  used  to  convert  the  value  of  a functional  element 
to  a new  value  that  is  based  on  a "look  up"  table.  Its  English  from 

is: 

CONVERT  (noun  1)  TO  (noun  2)  FROM  '(label). 

(Noun  1)  can  be  a counter  or  digital  input.  (Noun  2)  can  be  a 
counter,  a digital  output  or  a display.  The  (label)  indicates  the 
location  in  the  sequence  of  command  where  the  "look  up"  table  has  been 
placed. 

The  table  consists  of  eleven  user  determined  values  ranging  from 
00  to  99.  If  one  considers  that  this  value  is  the  "y**  ordinate 
value  on  a graph  and  the  second  least  significant  digit  of  (noun  1) 
is  the  nx"  abscissa  value,  then  this  command  will  result  in  the 
second  least  significant  digit  of  (noun  1)  to  be  used  to  "look  upM 
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the  user  determined  value  at  this  point  and  the  next,  then  inter- 
polate between  the  two  points  using  the  least  significant  digit 
of  (noun  i]  as  a scale  and  placing  the  value  in  (noun  2) . 
Graphically,  we  have 


For  example,  if  we  let  y = 44  at  x * 40 

y * SO  at  x = 50 

To  find  the  value  of  y when  x = 46,  we  have 

y when  x = 50  - y when  y 


40 


or 


50  -44  = 6 


Then  interpolating  6 X “ 3,6 

-•  - 44  + 4 


then 


y 


48  e X = 46 


Page  18 


The  Controllers  Element  Details 

Table  2 is  a summary  of  the  elements  used  in  the  STC  con- 
troller. In  order  to  effectively  use  the  "Programmer/Checkout" 
system  mentioned  earlier,  a translation  must  be  made  from  the  hard- 
ware signals  or  pin  connections  to  terms  recognized  by  the 
,,Programmer/CheckoutM  system.  Furthermore,  it  is  desired  to  call 
these  signals  with  names  that  have  meaning  to  the  person  setting 
up  the  command  sequence.  The  translation  procedure  consists  of 
using  Table  2 which  lists  the  names  that  are  to  be  used  with  the 
1 *pr ogr ammer / Checkout 1 system.  Associated  with  these  names  are 
signal  function  names  that  in  turn  are  defined  in  Table  3 with 
respect  to  their  actual  connector  and  pin  numbers. 

For  example,  say  we  have  a table  drive  motor  that  needs  to 
be  controlled.  Let’s  choose  one  of  the  direct  outputs  whose  name 
is  BODI.  From  Table  3 we  find  that  this  signal  is  on  J7-5  (connector 
fjl  and  pin  5).  Therefore,  we  would  connect  the  power  driver  for 
this  motor  to  that  pin.  Now,  in  setting  up  the  specific  command 
we  think  of  this  motor  as  the  table  drive  motor  and  a shortened 
form  could  be  ’TBLMTR."  So  we  type  in  on  the  nProgrammer/CheckoutM 
system  keyboard  fTBLMTR  = BODI.”,  Later  in  the  sequence  of  commands 
if  we  want  to  turn  the  motor  on  we  type  ’TURN  TBLMTR  O.V'  or  to  turn 
it  off,  ’TURN  TBI^TR  OFF/\  TBLMTR  is  the  (noun)  mentioned  in  pre- 
vious discussion  on  the  commands. 
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Element  Size 

All  discrete  inputs,  outputs  and  flags  are  one  unit  in  size  and 
carry  the  value  of  "ON”  or  "OFF."  Other  elements  such  as  timers, 
counters,  displays  and  digitals  have  a basic  size  of  four  digits 
with  each  digit  consisting  of  four  bits.  In  addition,  counters 
displays  and  digitals  can  be  paired  up  to  give  an  eight  digit 
function.  A single  size  element  can  contain  a value  of  0 to  9999 
with  a double  size  being  from  0 to  99999999. 

Input/Output  Scheme 

The  STC  controller  uses  a system  of  strobes  with  sets  of 
inputs  and  output  lines  for  most  of  the  input  and  output  functions. 
There  are  three  sets  of  strobes:  (1)  The  SA(  ) strobe  used  for 
the  display;  (2)  the  SB  C ) strobe  used  for  digital  input  and 
outputs;  (3)  the  SC  C ) strobe  used  for  discrete  inputs  and  outputs. 
These  strobes  are  active  low,  which  means  that  a low  level  signal 
indicates  when  that  strobe  is  to  be  used.  In  any  set  of  strobes 
only  one  line  will  be  low  at  any  one  time.  Furthermore,  the  SB  ( ) 
and  SC  ( ) sets  are  mutually  exclusive,  meaning  only  one  of  the 
two  sets  will  be  active  or  low  at  any  time.  There  are  two  sets  of 
8 outputs  for  the  display  function,  a set  of  4 input  lines  for 
the  digital  input,  a set  of  4 output  lines  for  the  digital  output, 
a set  of  4 input  lines  for  the  discrete  inputs, and  a set  of  4 out- 
put lines  for  the  discrete  outputs. 

For  example,  four  of  the  discrete  outputs  could  be  mechanized 
by  using  a 74LS17S  Quad  D Flip  Flop,  connecting  the  outputs  BOSA, 

BOSB,  BOSC  and  BOSD  to  the  four  "D"  inputs  respectively  and  connect- 
ing the  SC2  strobe  to  its  clock  input.  The  resulting  outputs  of 
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of  the  EF  would  be  BOS5,  BOS6,  BOS7  and  BOS8,  respectively.  See 
Figure. 


p/ic^/Tre 

007  TJ 


Using  Table  2 as  a reference,  the  following  is  a description 


of  the  STC  controllers  input  elements. 


There  are  two  sets  of  four  digit  digital  inputs,  plus  a partial 

set  consisting  of  three  digits.  Inputs  can  be  either  a BCD  type 

input  or  a binary  type.  The  STC  controller  works  with  BCD  type  coding 

Digital  but  it  will  accept  binary  inputs  and  translate  them  to  the  working 
Inputs  , 

BCD  format.  The  user  must  assure  that  the  binary  input  will  not 

exceed  the  four  digit  capacity  for  BCD  coded  data  or  9999  counts. 
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Board 

Switches 


Discrete 

Inputs 


High 

Speed 

Counter 

Inputs 


Vector 

Inputs 

* 


There  are  three  eightpole  switches  mounted  on  the  STC  con- 
troller board.  Two  of  these  switches  have  been  set  up  to  be  a 
digital  type  BCD  or  binary  input  of  four  digits.  The  other  is 
set  up  as  a eight  discrete  inputs. 

Another  44  discrete  inputs  are  available  as  externally 
multiplexed  inputs. 

Four  more  discrete  inputs  have  been  designated  as  high  speed 
counter  inputs.  If  a counter  (odd  numbered  counters  1 - 15  only)  is  set 
equal  to  one  of  these  inputs,  the  counter  will  automatically  count  pulses 
on  these  lines  for  frequencies  up  to  60  HZ.  The  pulse  width,  both  on  and 
off  portion,  mist  be  greater  than  7.5  MS.  Once  set  up  the  counting  is 
continuous  unless  the  counter  is  recommanded  to  another  task. 


Four  more  discrete  inputs  have  been  designated  as  interrupt  vector 
controls.  A high  level  on  one  of  these  inputs  will  cause  the 
STC  controller  to  perform  the  equivalent  of  a "GO  TO  (label)  and 
RETURN"  command.  When  using  the  "Programmer/Checkout"  system  the 
user  defines  the  start  of  the  command  to  be  performed  when  one  of 
their  inputs  are  received  by  entering  "(label)/VECT(l  to  4)," 
then  the  sequence  of  commands  desired  and  ending  with  a "VECTOR 


RETURN  " command  or  by  turning  the  Vector  Reset  flag  ON.  The  "VECTOR 
REIURN"  command  will  cause  the  STC  controller  to  resume  control 
where  it  was  at  the  time  the  signal  was  received.  Once  one  of  the 
Vector  signals  are  received,  no  more  will  be  acted  upon  until  the  'VECTOR 
RETURN"  command  is  given  or  the  Vector  Reset  flag  is  turned  on. 
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Digiul 

Outputs 


There  are  two  sets  of  four  digit  digital  outputs  plus  a 
partial  set  consisting  of  one  digit.  These  outputs  can  be  either 
a BCD  type  output  or  a binary  type. 


Direct 

Discrete 

Outputs 


There  are  two  direct  discrete  outputs  that  do  not  require 
demultiplexing  in  order  to  be  used. 


Discrete 

Outputs 


There  are  48  discrete  outputs  that  are  mechanized  with  four 


data  lines  and  12  strobes. 


Display 


There  are  multiplexed  signals  for  eight  four  digit  displays.  These 
can  be  paired  up  to  make  8 digit  displays.  There  are  16  strobes 
to  select  the  digits  and  two  sets  of  8 segment  signal  lines. 


Internal  Elements 


Sixteen  of  the  available  32  four  digit  counters  have  battery  back 
up  power  available.  These  counters  will  retain  their  count  even  if 
primary  power  is  removed  for  periods  of  several  months.  Because 
of  the  time  required  to  service  these  battery  backed  up  counters, 
they  can  not  be  set  up  as  high  speed  counters.  However,  the  eight  odd- 
numbered  counter s,l  - 15,  can.  All  32  counters  can  be  selectively  . 
paired  up  to  create  8 digit  counters. 
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.There  are  four,  four  digit  timers  available  for  the  user. 

The  value  of  the  digits  are  controlled  by  the  user.  Options  are 
rs  0.1  sec.,  sec.,  min.,  and  hours.  When  a timer  is  "SET  = TO"  the 
option  must  also  be  specified,  i.e.,  "SET  TIME  EQUAL  TO  COUNTER 
SEC."  The  timer  has  an  error  from  0 to  1 unit  of  the  option 
specified.  For  example,  if  one  hour  is  specified,  then  the  timer 
could  run  out  anywhere  from  right  now  up  to  1 hour.  If  2 hours 
is  specified,  then  the  timer  could  run  out  anywhere  from  1 to 
2 hours.  It  is  therefore  important  to  keep  the  granularity  as  small 
as  possible > i.e.,  if  an  accurate  two  hour  Wrait  is  desired,  specify 
7200  sec.  The  default  option  on  what  the  STC  controller  will  use  if 
no  option  is  specified  is  0.1  sec.  per  count.  Once  a timer  has  been 
set  equal  to  a value  it  will  start  counting  down  at  the  option  rate 
specified.  At  zero  it  will  stop.  While  the  timer  is  counting  down, 

^5  considered  ON  and  when  at  zero  it  is  considered  OFF. 

The  STC  controller  has  in  addition  to  its  ability  for  speci- 
Constants  fying  constant  values  as  part  of  a command,  the  ability  to  store  up 
to  16  digits  of  data  in  various  combinations  that  can  be  used  for 
frequently  used  constants.  For  example,  four  of  four  digit  constants 
can  be  stored  or  one  of  eight  digits  and  four  of  two  digits,  etc.  These 
constants  are  identified  with  a (noun)  name  and  then  referenced  by 
that  name  in  command  when  they  are  used.  For  example,  to  identify 
it  using  the  "Programmer/ Checkout"  system  you  enter  "00NST1  = 

24,"  To  use  it  you  enter  "Add  CONST1  to  (Counter  1)"  or  "IF  (counter) 
is  greater  than  CONST  1."  PROM  space  for  commands  is  saved  if  this 
type  of  constant  is  used  for  more  than  one  time. 
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There  are  33  internal  flags  available  for  use.  Four  of  then 

flags  or  have  specified  use  and  are  modified  by  the  STC  controller's  operations. 
Indicators 

The  remining  29  are  fully  user  controlled  and  provide  neans  for  re* 
member ing  conditions.  For  example,  if  you  had  four  outputs  that  were 
in  various  states  and  you  wanted  to  turn  them  all  off  for  a short  time, 
then  you  wanted  to  set  them  bach  to  their  original  state,  the  flag  could 
be  set  the  same  as  the  outputs. 

I.e.,  SET  FLAGA  = OUT  1 

Turn  the  outputs  off.  Then  use  the  flags  to  set  the  outputs. 

I.e.,  SET  OUT  1 = FLAGA 

The  four  flags  that  have  specialized  use  are  called:  "Overflow  Flag" 
or  OVRF,  'Underflow  Flag"  or  UNDF,  and  "Vector  Enable  Flag"  or  VEFLG 
and  "Vector  Reset  Flag"  or  VRFLG.  The  overflow  flag  is  set  each  time 
an  "ADD". or  "SCALE"  command  is  given.  It  is  turned  on  if  the  results  of 
the  command  overflows  the  available  digits.  If  no  overflow  occurs,  then 
it  is  turned  off.  This  flag  stays  in  its  present  state  until  the  next 
"ADD"  or  "SCALE"  command  is  given  or  a. command  is  given  to  turn  it  on 
or  off  or  to  toggle  it.  The  underflow  flag  operates  the  same  as  the 
overflow  flag  except  it  is  controlled  by  the  "SUBTRACT"  command  instead 
of  "ADD"  or  "SCALE"  commands  and  indicates  that  result  was  less  than  zero. 

The  "Vector  Reset  Flag"  is  turned  off  when  one  of  the  four  vector 
inputs  turn  on.  It  then  prevents  any  of  the  other  vector  inputs 
from  affecting  the  STC  controller  operation  until  this  flag  is  ON. 

This  flag  is  turned  back  on  when  a "Vector  RETURN"  command  is  given. 
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When  in  the  ”QN”  state,  the  Vector  inputs  are  again  active.  This  flag 
is  also  controlled  by  the  "TITO  ON"  command.  Once  it  is  turned  on, 
the  ,fVector  Return”  command  is  no  longer  valid  until  a new  ’Vector” 
input  is  received. 

Internal  initialization  procedures  during  power  on,  turns  the 
Vector  Enable  Flag  off,  thus  disenabling  the  vector  inputs.  A user 
TURN  ON  VEFLG  command  must  be  given  to  enable  the  vectors.  This  flag 
is  also  controlled  by  the  ’TURN  OFF”  and  ’TOGGLE”  commands. 

The  STC  controller  has  a clock  option  that  provides  an  internal 
Tire  of  Day  (TOD)  clock  consisting  of  days  (1  to  7) , hours  (1  to  24) 
and  minutes  (0  to  59).  If  an  accurate  TTL  level  60  HZ  505  duty  cycle 
is  applied  to  the  ’’CLKIN”  (J6-2)  input  the  option  is  available.  Setting 
of  the  clock  is  controlled  by  the  multiplexed  inputs  SET,  SEL,  and 
CNT.  The  SET  (Set)  places  the  TOD  clock  in  its  set  mode.  The  SEL 
(Select)  is  used  to  select  by  sequencing  which  parameter  (second, 
minute,  hour  or  day)  is  being  set.  The  CNT  (control)  input  causes 
the  selected  parameter  to  slew  at  a count  per  second  rate.  Seconds 

are  set  to  zero  when  selected  and  the  ’’SET”  input  is  turned  from  on 
to  off. 
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STC  Controller  Data 


Figure  1 is  an  outline  drawing,  showing  the  physical  size 
and  connector  location  of  the  STC  controller  board. 

Table  3 is  a functional  listing  of  the  connections. 

Table  4 gives  the  recommended  mating  connectors. 

Figure  2 gives  you  typical  timing  relationships  for  the 
multiplexed  inputs  and  outputs. 

Table  5 gives  the  electrical  requirements  for  the  board. 

The  STC  controller  has  been  designed  to  operate  from  0°C 
to  50°  C ambient.' 
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For 

Connector 

Mol ex  P/N 

No.  of 
Circuits 

Key  Between 

J1 

09-01-6061 

6 

2-3 

n 

09-01-6191 

19 

4-5,7-8,11-12,15-16 

J3 

09-01-6211 

21 

5-6,10-11,15-16 

J4 

09-01-6171 

17 

5-6,10-11,14-15 

J5 

09-01-6241 

24 

4-5,8-9,12-13,16-17,20-21 

J6 

09-01-6091 

9 

3-4, 5-6 

J7 

•«? 

09-01-6171 

17 

5-6,10-11,14-15 

r ■'  ‘ 

Table  4 

Mating  Connectors 
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Table  5' 


Electrical  Requirements 


power 


5VDC  + 
-1ZVDC  + 


ma  maximum 
ma  maximum 


Outputs 


Display  Strobes 
SA1  - SA16 

Display  Segments 
A1  - G1 
A2  - G2 

HI  5 H2 

Digital  Strobes 
SB1  - SB11 

Discrete  Strobes 


Direct  Outputs 
BOD1  and  BOD2 

Digital  • 

DOA  - DOD 


TTL  7408N  type  drive 


Til  7448N  type  drive 


TTL  7421N  type  drive 

m 741Sed^5e+sr^  pull  « P °'/X 

XTL  7404N  type  drive 


TTL  7416NedtyPe+f  gj  " * 


Discrete 

BOSA  - BOSD 


•ppL  7404N 


drive 


Digital  5 Discrete 
DIA  - DID 
BISA  - BISD 


Direct  Inputs 
CLKIN  § TIMREF 


. „ ? 7K  pull  u? 
TTL  740SN  loa*j!  “d  . .01  rf  «P  to 

ground 

. . a 2 7K  pull  W 

— r 7416N  l°ac*  a"" 01  ^ C3?  t0 

TTL  74i^  +5  VPC  and  a 

ground 
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new,  easy,  low  cost  way  to 
COMPUTERIZE  YOUR  PRODUCTS 

0^  Rockwell 


English-language- 

programmable 


STC  UNIVERSAL 

CONTROLLER 

MODULE 


Sequence  Control 
for  Processing  & 
Operations 


It’s  Economic  to 
Customize  for  ONE 
or  1,000  Machines 


Counting  Control 
by  Numbers  of  Items 
or  by  Operations 


Timing  Control 
by  Internal  Timers  or  by 
24-Hour  Clock  Option 


T-mina  Counting  functions  on  a pre  designed 

stc  rsAE  r 


^°Ckwell  International,  1978 
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I 


j 


va 


The  Rockwell  STC  Universal  Controller  Module 
Is  Ready-Made  for  Your  Application  — 

And  It  Understands  Plain  English  Commands  . . . 


INDICATOR  LIGHTS 


DISPLAYS 


TIME-C  DAY 

CLOCK 


V 


/__/  n o c 
/ u _/  u 


LAMP 

ORIVEft 


\ 


*»  Rockwell 


DISPLAY 

DRIVER 


SENSORS 


SOLENOIDS 


RELAYS 


1 r 

A/D 

D/A 

CONVERTER 

i < W 

CONVERTER 

ANALOG 

VOLTAGE 


STC  UNIVERSAL  CONTROLLER 


MOTORS 


SWITCH/ 

KEYBOARD 

INTERFACE 


FUNCTIONAL  FEATURES 

• 12  command  types 

92999UordcounI!!Hr»nal  cou"ters  can  be  used  independently  to  count  to 
or  coupled  to  count  to  99,999,999 

for  hig'h.s’need'cnnnt-  inRu,s  ,or  b'9b-speed  commands  and  4 inputs 
mgn  speed  counting  (up  to  60  Hertz) 

• 53  outputs 

• ll<9  a d and  outputs  can  be  used  in  binary  or  decimal  form 

• 4 timer  grammable  Read  Only  Memory  (PROM)  for  user  program 

• rrrr umin9  down  to  1,10  •—*  ^-.s 

Signals  for  32  digits  of  display 

months  at  a time  vuhon  ^ re*a'^s  *be  setting  of  16  counters,  for  up  to 
•Time-of-Da  cT Whenpower 18  turned  0,f  °r  interrupted 

sequencedybaledko°nP»hfina!l.ll0^S.processes  to  be  monitored  and 

ne  actual  time  of  day 


si 


pat  It  Is: 

^Rockwell  STC  universal  controller  mod- 
jie  is  a microprocessor-based  controller 

iptem  mounted  on  a printed  circuit  board 
^hardware  is  pre-designed  and  pre-tooled' 
IKis  keeps  your  price  low  whether  you  buy 
teorl, 000  units. 


that’s  It  Good  For? 

or  one  piece  of  equipment  or  1,000,  you 
__an  customize  a Rockwell  STC  module  to 
. ontrol  operating  functions  sequentially, 
Wording  to  time  or  by  counting  operations 

^fln6mS  mat<es  't  ideal  for  CON- 

/ TOLLING  pill-filling  machines,  canning  or 
V ottling  machines,  garment  folders,  indus- 
laundry  washing  machines  and  dryers, 
. c controllers,  printing  equipment, 
K s °t  testing  equipment ...  an  almost 
Ending  list. 


/ 


**  You  Put  It  To  Work? 


^re 


are  two  design  requirements — pro- 


*'na  and  hardware.  And  we’ve  simpli- 
ese  to  an  elementary  level. 

jagramming:  We’ve  developed  a unique 
^jfeuage  of  commands  by  which  you  de 
,1  °P  a program  that  controls  the  func- 
c ns  of  your  customized  system.  These 
mands  are  written  in  plain  Englis 
w t>ack  page  of  this  brochure.  Even  ' 
ut  know  nothing  about  computers, 
it’s  re  a^l6  to  write  your  control  program 
. almost  as  simple  as  writing,  | ° r e * 
-ple:  “AT  12:06  AM,  TURN  MOTOR  A 


/ 


0k.  r;  '2:06  AM,  lun.N  - 

LEwrWHEN  THE  EIGHTH  ITEM  PASSE 
• VER  c,  TURN  MOTOR  B on,  etc. 


■ 


Hardware:  You  do  not  physically  change 
your  STC  controller  module,  but  you  do 
have  to  design  interface  circuits  that 
translate’’  signals  to/from  your  system’s 
components— displays,  switches,  sen- 
sors, motors  and  the  like— into  a form 
that’s  recognizable  by  the  STC  Controller. 
Rockwell  provides  you  with  a variety  of 
applications  notes  to  help  you  design 
your  interface  circuits. 

In  addition  to  your  interfacing  circuitry, 
which  Rockwell  can  produce  for  you  as 
a custom  module,  you  need  a + 5VDC 
and  - 12VDC  power  supply  which  is  com- 
mercially available  as  an  off-the-shelf 
component.  1 

3 

What’s  Your  Next  Step? 

Send  Rockwell  a generalized  or  specific 
description  of  the  equipment  you  want  to 
computerize.  Include  the  types  of  opera- 
tions you  expect  to  control.  The  best  way  to 
do  this  is  to  send  a “Ladder”  diagram  and/or 
a Timing/Sequence  diagram.  Please  indi- 
cate whether  you  plan  to  do  your  own  de- 
sign or  whether  you  want  Rockwell  to  de- 
sign your  complete  system. 

We  will  supply  you  with  our  recommendations. 

Send  your  inquiry  to: 

Subsystem  Applications  Engineering, 

D/833-051  RC33 
ROCKWELL  INTERNATIONAL 
Microelectronic  Devices, 

P.O.  Box  3669, 

Anaheim,  CA  92803 
or  phone  714/632-0725. 


ROCKWELL  STC  UNIVERSAL  CONTROLLER  COMMANDS 


COMMAND 

IF/ISON 
or  IF /IS  OFF 


FUNCTION(S) 

f = Status  Indicator,  Internal 
Indicator,  Discrete  Input, 
Discrete  Output,  Timer 


IF /I  IS  EQUAL  TO  12 
or  IF /I  IS  GREATER 
THAN  12 
or  IF  11  IS  LESS 
THAN  12 


11, 12  = Timers,  Displays, 
Counters,  Digital  Inputs, 
Digital  Outputs,  Time-of-Day 
Clock,  Constants 


GO  TO  label  label  = Label  of  any  command 

or  GO  TO  label  in  program 

AND  RETURN 


RETURN  None 


TURN  f ON  1 = Status  Indicator,  Internal 

or  TURN  / OFF  Indicator,  Discrete  Output 


SET  11  EQUAL  TO  12  11  = Display,  Timer,  Counter, 

Digital  Output 
12  = Display  Timer,  Counter, 
Digital  Output,  Digital  Input, 
Time-of-Day  Clock,  Constant 


TOGGLE/ 


ADD  12  TO  11 
or  SUBTRACT  12 
FROM  11 


/ = Status  Indicator,  Internal 
Indicator,  Discrete  Output 

11  = Display,  Timer,  Counter, 
Digital  Output 

12  = Display,  Counter,  Timer, 
Digital  Output,  Digital  Input, 
Constant 


SCALE  c BY  n 


c = Counter 
n =00.01  to  99.99 


REPEAT  NEXT  nl 
COMMANDS  n2 
TIMES 


nl  - Number  of  commands 
n2  - Number  of  repetitions 


WAITs  SECONDS 
or  WAIT  m MINUTES 
or  WAIT  h HOURS 

WAIT  UNTIL  /IS  ON 
or  WAIT  UNTIL  / 

IS  OFF 


- 0.1  to  3600  (Seconds) 
, = 1 to  128  (Minutes) 

-1  to  128  (Hours) 

/ = Timer,  Discrete  Input 


s = 

m 

h 


sse."”'  assay— ■ 
agaasaaa 


<!» 


Rockwell  International 


DESCRIPTION 

Causes  the  next  command  to  be  performed  only  i 

the  specified  condition  is  met. 


Similar  to  the  above  IF  commands,  but  oration  It 
conditional  upon  the  relationship  of  Function  11  t< 
Function  12. 


The  next  and  subsequent  commands  will  be  fount 
at  the  location  identified  by  the  specified  label.  / 
GO  TO  command  is  often  used  after  an  IF  command 
to  tell  the  program  what  to  do  if  the  specified  condl 
tion  is  met. 

The  next  and  subsequent  commands  will  be  founc 
immediately  following  the  last  GO  TO  label  AND 
RETURN  command  given. 

Causes  the  specified  function  to  be  turned  on  or  off 


Causes  Function  11  to  be  set  equal  to  Function  12. 


Causes  specified  Function  1 to  change  state,  turning 
/ off  if  it  is  on,  and  vice  versa. 

Causes  Function  11  to  receive  the  result  of  its  addi- 
tion to  or  subtraction  by  Function  12.  The  Overflow 
Status  Indicator  is  set  if  an  addition  yields  a sum 
larger  than  the  “full”  condition.  The  Underflow 
Status  Indicator  is  set  if  a subtraction  yields  a dif- 
ference that  is  a negative  number. 

Causes  specified  Counter  c to  receive  the  result  of 
its  multiplication  by  n.  The  Overflow  Status  Indicator 
is  set  accordingly. 

Causes  the  next  nl  commands  to  be  repeated  n2 
times. 


Delays  the  next  command  for  the  specified  amount 
of  time. 


Delays  the  next  command  until  Function  1 has 
turned  on  or  off,  respectively. 


Converts  Function  11  to  Function  12,  based  on  a 
user-specified  conversion  table.  For  example,  tbs 
CONVERT  command  can  be  used  to  convert  a non- 
linear thermistor  input  into  a linearized  temperature. 


eternal  Letter 
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July  5,  1978 



J.  W.  Cox,  Jr. 
277-022,  031-GA07 


Rockwell  International 


FROM:  ,n.  ttiif  «f ••  • ••  lult'i'ul  Atlihr'*,  rimnr) 

. M.  D.  LaScala 

. 815,  039-RC48 


ubieci: 


STC  Universal  Controller  Module 


0624 


ith  this  IL  we  are  transmitting  for. your  review  one  (1)  STC  Universal 
jntroller  Module,  P/N  PBOO-DIOO.  The  module  is  provided  under  the 
flowing  conditions : 

The  module  is  loaned  to  Strategic  Systems  for  90  days  from  the  date 
of  this  IL.  It  is  to  be  returned  to  Zane  Sandusky. 

. Rockwell  is  currently  negotiating  a license  with  D;.  J 

for  a non-exclusive,  world-wide  license  in  and  to  the  data  tor  tne 
Jrpo  "aking  aid  selling  the  STC.  The  license  is  for  ap, 
cations  other  than  for  or  in  connection  with  amusement  machines 
and  home  electronic  games. 

. The  data  and  design  under  license  is  confidential  ^ 

If  Strategic  Systems  incorporates  the  STC  Universal  Conti G^Jern- 
Module  in  a proposal  to  any  customer  including  the  U.  s- 
ment  it  shall  be  accomplished  with  the  proviso  that  no  desig 
information  or  rights  in  data  will  be  provided. 

. Any  contract  you  negotiate  must  include  a limitation  in  the  data 
schedule  which  will  exempt  the  STC  design,  manufacturing  °r  process 

data  from  delivery  under  ASPR  7-104. 9(a)  and  f prmination 

also  exclude  deliveryof  data  if  there  .is  a general  predetermination 

of  unlimited  rights  in  data  clause  requirement. 

e cannot  express  too  strongly  the  sensitivity  of  the  desi9".a"d  aP^' 
ations  of  the  STC  Universal  Controller  Module  and  we  request  t y 
ake  every  caution  internally  to  maintain  its  confidential  i 9 *• 

/),  — ■ 

'•  0.  US  Sea  la 

arketing  Administration 


PPR0VED: 


CT  0.  B 


G \ a**' 

Z.  Sandusky 


;c:  D.  Weber 

R.  E.  McHenry 


